
MANUFACTURER~~ PORTAC~~~~~~~ COMPAN~, INC.1689 BLUE JAY LANECHERRY HILL, ~EW JERSE~ 08003~~~~~~~~~ (609) 429-0421PRODUCT LINE: CURRE~T METER ~LOW TUBESDESCRIPTION:PORTAC ~ow Tub~ - The PORTAC Portable Sewer Condu~t ~~~~~~~~~ i~ apatented device (F~~ure A) that has been u~ed ~~ccessfully by New YorkCity's Department of Water Resource~ Industrial Wastes Control Sect~onfor sewer flow measureme~t. The meter, shown in the plan view of Fig~~ure B, is de~igned to create full pipe flow in the ~ewer conduit, thusmaking the area of flow ~onstant. (A self-damming flap gate~ al~osho~n in Figure ~~ is prov~ded for this purpo~e.) The only othervariable is velocity and this is measured with an ~~~ ~current (velocity)meter (~hown in~tal~ed in ~igure ~~~ The number of revolutions ~ade bythe meter~s propeller are totalized on a digital ~ounter. By applyingthe ~pe~ific formula ~upplied with a particular ~ystem, flow totalscan then be calculated.As shown in Figure B, suspended defle~tors, wh~ch are re~ovable, areconstructed immediately upstream ~f the current ~~~~~~~ propeller.Thi~ is done to reduce or eliminate the possibility of damage to thepropeller by hard, fast-moving object~ such as wood. The deflectorsalso generally redirect plia~le suspended material~~ normally en~~countered in sewer wastes, away from the area around the propeller'srotation.Easily mounted on and suspended with a placement rod, the device canbe installed (or removed) by only two ~ewer workers, r~gardless ofmanhole invert contours. Some of the hydraulic and p~y~ical advan¬tages claimed for the PORTAC ~~~~~~~~~ are;• Velocity of approach is not a factor if a high velocitypropeller is used on the current meter;• Sewer grade may be any value;• The sy~tem is as good or better than a flu~e or weir interms of ease of installat~on; the tube can also be easilysealed to ensure that all flow is being gaged;• The sy~tem is unaff~ct~d by surcharging or submersion;and325 
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BEFORE ANDDURINGINSTALLATIONMETER INOPERATIONFigure ~327 
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• The sy~tem does not need compressed air or AC power tooperate~ and thus is truly portable.The ~~~~~~~~~ is fully adaptable for analog metering as well as stripchart recording. The standard ~metering package consists of: the flowtube; an ~~~ Model 10.002 current ~meter; and a three~digit, battery-operated counter model (~4)~ A five-digit counter (also batteryoperated), ~odel Z100, with other monitoring feat~res* is also avail¬able, at additional cost. An optional current me~er for use with~~~~~~ is t~e OTT Model 10.300 which has pro~isions for analogue striprecording~Current Meters - In the OTT 10.002 standard unit shown in Figure ~~~signals are generated by ~eans of a permanent magnet mounted on a wormsleeve which co~pletes the circu~t by way of an impulse device embodied~n the meter follow~ng each revolution of the propeller. The device isFigure D* e.g., audible indication of input pulses by a loud buzzer,329 



largely ~ree of restoring forces and may be said to operate virtuallywithout power. The diameter and pitch of the propeller to be used isdetermined by the ma~imum flow velocity of the water to be encountered.A special table is provided t~ enable proper selection.Counters - the three~digit F4 ~ounter (type 12.000) counts a max~~~m of1Q pulses per second and is suited for operation with ~~~ ~~~ 10.002(C31) current meter, which generates a signal pulse at each revolutionof its propeller. Two ~~~~~~~~ ~~~ size batteries serve as the powersource and allow up to 48 hours of continuous operation without ba~teryreplacement. A stopwatch is used in conjunction with th~s instrument.The Z100 five-digit counter is capable of measuring the length of pulsecycles from voltage~free transmitters (e.g., current meters), up to amax~mum of 20 pulses per second. It is powered by si~ 1.5-volt single~~cell batteries sufficient for about 30 hours of operation, assuming8 hours of operation each day.SPECIFICATIONS~~~~~~~ ~~~~~~~~~ (Less C~rrent Meter and Counter)Accuracy: ±3%, when velocity flow ex~eeds.027 ~~~ (0.09 ~~~~Line Sizes: 15.2 to 45.7 cm (6 to 18 in.)Nominal ~~~~PRICES~PORTAC (Less Current Meter and Counter) $815-$915PORTAC Complete with Current Meter andCounter $1150.00Optional ~~~~~~~ Counter (Z100) $950.00COMMENTS:Although this unit has been used in some sewers, it does not appearwell suited for general storm or combined sewer applications, since itmust suffer all the defi~iencies of a current meter and is availableonly in small s~zes.330 



MANU~ACTU~ER: ~~~~~~ INSTRUMENT COMPANY~~~~~~~ ROAD~~~~~~~~~~~~~ NEW JERSE~ 07403TELEPHONE (201) 838~2300PRODUCT LINE: TARGET-TYPE FLO~METERS, RECORDERS, INDICATORSDESCRIPTION:The RAMAPO Instrument Company ~manufactures a flow meter probe (theMark V) which is reported to be widely u~ed for measuring industrial~~~~~~~~~~ flows. The ~ompany al~o offers several other flowmeters,including the newly~developed Mark VI target flowmeters, and a varietyof re~ording and indicating devi~es.Mark V ~~~~~~~~~ Probe - This device will measure most pro~ess fluidsin pipelines. This is done ~~ in~talling a flanged fitting i~to anexisting pipeline (see Figure A)~ The strain gage force sensing ele¬ment of this device has no bearings or other rotating parts. Theelectrical signal can be transmitted to remote locations or used forindicat~ng, recording, controlling, and totalizing. The Mark ~ Flow -meter measures flow in terms of the dynamic forces acting on a ~~~~~~~body in the flow stream. Bonded strain gages in a bridge circuit out¬side the fluid stream and shielded by stainless steel, translate thisfor~e into an ele~trical output proportional to the flow rate ~quared.A modification of the standard Mark V Flowmeter Probe, a retractableprobe, is also available for pipeline applications. This particulardevice can be installed in or removed from pressurized systems withoutcausing a shutdown. ~he probe can be moved from line to line ~ evenfor widely varying line sizes ~ for sampling or spot ~hecking of flows.Materials and specifications are generally the same as those for thestandard probe.Other Flowmeters - Less suitable for effluent flow measurements is theMark V ~~~~~~~~~ for tube end and pipe ~onnection applications. Theyare usable with slurries and some types of abrasive fluids, however.Accuracy is reported to exceed ±0.5 percent in flow ranges of approx~¬mately 10:1. Line si~es available are from 1.3 to 15.2 cm (0.5 to 6 in.)with any standard end fitting, with spe~ial sizes supplied upon request.The Mark V~ Target Flowmeter is a new product which has been developedfor ~easuring flows of dirty liquids, slurries, etc. This flowmeterhas no moving parts and no cavities ~o collect particles or entrapmaterials that can harden. Available in a wide variety of line sizesand configurations, it has operational performance characteristicssimilar to the ~~~~~~ Mark V Target Flowmeter.331 



Figure A332 



Secondary ~~~~~~~~~~~~~ ~evices - ~~~~~~ markets several recently-developed recorders and dig~tal ~~~~~~~~~~ compatible with the Mark ~~and Mark VI.One type records flow on an ~~~~~~~~ 5.1 cm (2 in.) wide chart. Sig¬nals accepted are typically 0~1 volt or 4-20 ~~~ The s~ale and chartuse square root ruling so that the flow rate sig~als originating attarget meters, orif~ces, and other differential pressur~ devices ca~~be read directly in per~ent of flow~ One chart lasts 30 days. Absoluteac~uracy is ±2 perce~t.Digital-reading flow indicators, with BCD output i~ desired, are avail¬able for reading in engineering units such as ~~~~ ~~~~ and ~~~~~Depending upon the appl~cation, the display can present readings to amax~mum of 1999, 3999~ or 19999.SPECIFICATIONS~Line Size~~Calibration~~Accura~y:Range:Materials~~Pre~sure Loss~~Input~Output~Connections~~10.16 to 152.4 cm (4 to 60 in.)±1~; 2%Wo full flow (Bi-directional)Any 10:1 range up to a line velo~ityof 4.57 ~~~ (15 ~~~~ ~aximumStainless steel sensi~g element;Mounting flange as specifiedUsually les~ than 10 cm (4 in.)of water5 to 10 ~~~Up to 20 ~~~~ maximum or 2.0 ~~~~ inputfor full range flow rate. Semi¬conductor gages available for higheroutputTerminal strip in ~~plosio~~proofenclosure~ or submersion-proof headand cable* Mark V ~~~~~~~~~ Probe Only.333 



PRICES:Mark ~ ~~~~~~~~~ Probe~ (Standard)$745 to $1,195 (2% Calibration)$960 to $2,300 ~ Calibration)COMMENTS:Although useful for some types of ~~~~~~~~~~ flows, these target-typedevi~es do not appear su~table for extended use in the storm or com~~bi~ed sewer application. Their l~mited range and ~vulnerability toimpact by debris make all but attended, short-ti~e use appear ~~~~~~~~~~~334 



MAN~FACTURER: ~~~~~~~~~~ CONTROLS COMPAN~~P.O. BOX 3523~~~~~~~~~~ TENNESSEE 37917TELEPHONE (615) 546-0524PROD~CT LINE: ~~~~~~~~ FLUMES; CAPACITANCE TRANSMITTERS; RECORDERS;INTEGRATORS; TOTALIZERS; ETC.DESCRIPTION:~~~~~~~~~~ markets a variety of analytical and mea~urement devi~es~~many of which are designed for use with water and ~~~~~~~~~~ instrumentsystems. Typical of these is the Series ~~~~~~~ Flow MeasurementSystem, which incorporates a circular chart recorder with optional in¬tegrator, or a panel~mounted recorder/totalizer.Flume - The system (Figure A) utilizes as its primary measurementdevice a ~~~~~~~~ "Free Flow" ~lume, constru~ted of polyester reinforcedfiberglass with Sanitary Satin fin~sh. The flume is equipped wit~ amolded-in capacitance sensing probe that is characteri~ed to provide al~near output signal directly proportional to flow. The flume is a one~~piece, completely self-supporting unit ready for in~tallation in con¬crete. A ~~~~~~~~~~ model ~ay be installed in conduits above the ground.The flume and its associated instrumentat~on are su~table for many openchannel applications.Transm~tter - A capacitance sensing transmitter (Figure A) ~an beinstalled directly on the flume probe (Model 157)~ or mounted in a loca¬tion remote from the flume. No stilling well is required. Because thereare no floats, mov~ng parts, or me~hanical l~nkages, performance isenhanced~Flow Recorders and Integration/Totalizat~on - Flow record~ng and Inte~~grating/totalization may be provided with the Series ~ system using theModel 241 c~rcular chart recorder with optional Integrator, or theModel 225/534 recorder/totalizer for front panel flush mount~ng.The Model 241 ele~troni~ circular chart recorder is ava~lable in s~ngleor two pen versions in a ~~~~~~~~~~~~ enclosure for surface or panelmount~ng. Opt~onal features include bu~lt-~n integrator~total~zer and~~or square-root extractors.The Model 534 Integrator-Totalizer provides continuous integrat~on andtotal~zation of process s~gnals with re~pect to time. Ratio adjust¬ment is by means of a long-scale, thumbwheel dial, calibrated forlinear or square~root signals. A vertical scale meter displays input~~output signals.335 



Figure A336 



The Model~ 157/158 Level ~~~~ (transmitters) are capac~tance sensinginstruments prod~~ing ~tandard output ~urrent signals and are usedfor continuous level Indication or control.SPECIFICATIONS~Outpu~ Signal:Linearity~Repeatability:Power~Input S~gnals:Accuracy:Repeatability:Pen Response:Power~Input Signals:Accuracy~Repeatability:Count Rate:Power~PRICES:Model 157/158 Tran~mitters1 to 5, 4 to 20, 10 to 50 ~~~~~±0.25~ o~ full scale±0.1~ of full scale117/230 VAC or 26 ~~~Model 241 Circ~lar Recorder1 to 5, 4 to 20, 10 to 50 mADC±1.0% of full scale±0.2% of full scale2 to 20 sec~~ adjustable117/230 VAC, 50-60 HzModel 534 Integrator~Totalizer1 to 5. 4 to 20, 10 to 50 ~mADC±0.375~ of full scale±0.1~ of full scale1000 to 20,000 ~~~~117/230 VAC or 26 ~~DCNot available at time of writing.COMMENTS~The capacitance gage molded into the ~~~~~~~~ flume offers advantage~~for some applications. Parshall flumes were thoroughly di~cussed inSection VI and w~ll not be ~ommented on further ~ere,337 



MANUFACTU~ER: SA~ATOGA SYST~MS, INC.10601 SOUTH ~~~~~~~~~~~~~~~~~~ ROAD~~~~~~~~~~ CALI~ORNIA 95014TELEPHONE (~08) 257-7120PRODUCT L~NE: ULTRASONIC ~~~~~~~~~~~DESCRIPTION:Saratoga Systems Inc., under licens~~g agreement with Lo~kheed Air~raftCorporation, has patented and is producing the ~~~~~~~~~~~~~ a fre~~quen~y dif~erence type "ultrasonic" ~~~~~~~~~ which co~bines sonar andadvanced m~cro-electronic concepts to measure the flow of any ~ediumcapable of prov~d~ng a uniform flow profile and propagation soundwaves in an ~~~~~~~~~~~ manner. Thi~ device has a number of applica¬tions in the ~~~~~~~~~~ field.The Model 201 ~~~~~~~~~~ provides either an analog output, or a digitaloutput that is directly proportional to the average ~peed of a fluidflow~ng in a pipeline and which can be related to volume flow rate. Themea~urement system, which employs a pair of ~~~~~~~~~~~~~~ diagonally-opposed transducers mounted directly on the pip~ itself (see Figure A),is ~~dependent of the sound speed in the fluid as well as fluid density,compo~ition, viscosity, and temperature.Sound ~bursts" are propagated alternately in opposite directions betweenthe two transistors. Be~ause the upstream signal is delayed and thedownstream signal is speeded up by the moving fluid, the alternatebursts yield a frequency difference which is a highly accurate measure~~ment of the flow (to 0.2~). The measurement also provides linearityeven at very low flow rates.Analog current or digital pulse train~ are both s~multaneously avail¬able from the "ULTRAMETER", and can feed directly to recording andcomputing equipment. These data signals can be scaled to any desiredoutput d~mensions, such as ~~~ or cubic feet per minute.Features include:• Bi-directional flow measurement capability• No head loss or obstruction to flo~• No moving parts• No ~~~~~~~~~~~~~ after Initial factory or ~~~~~~~~cal~bration338 



Ax~al f~ow sect~on, useful for p~pe ~~z~~ from~~ ~ Ins~d~ d~ameter to 3" inside diameter.~~~~~~~~~~ transducer receives and em~ts sound waves.Figure A100 percent Solid State electronics including replaceable,interchangeable modules and an automatic failure alarmsystemThe ~~~~~~~~~ may be employed in pipelines ran~ing from 7.62 cm (3 in.)diameter pipes to open ~hannels.339 



SPECIFICATIONS~A ~typ~cal 9 c~ (4 in.) ~meter flowing 757 ~~~/~~ (200 ~~~~ has the fol¬lowing per~ormance and operational characteristic~:A~curacy~Resolution:Ran~es:~pper Flow LimitLower ~low Li~itData Format Options:DigitalAnalogPower~Size:Standard Meter Bodies~~ Tran~ducer~Weld-on TransducerInstallationsWeight~Instrument Pa~kageTransducers (dependingon installation)PRICE:±0.5~ (full scale error withcalibration)±0.2~ (full scale)100 ~ Full S~ale0.1 ~ Full Scale~ositive true logic, ~~~ compatiblepulse train proportional to flow.0.5~ ~~~ conver~ionCurrent Source 0-1, 4-20 or 10-50 ~~(~ull Scale)Voltage Source ±1 or 0-5 volt~(~ull Scale)117 VAC, 50-60 Hz @ 1 amp0.32 to 46 cm (0.125 to 18 in.)10 cm (4 in~) up27.2 kg (60 ~~~~~42.5 ~ to 9 kg (1.5 ~~ to 20 Ibs)Typical price in 20 cm (8 in.) si~e with rem~te read-out is $3,680.COMMENTS:A large quantity of ~~~~~~~~~~~ matter (as ~an be found in raw or un¬treated sewage) or heavy concentration of air bubbles can affect thesystem, although it is reported that up to 50 percent concentrationsof ~ol~ds have been handled. These factors have to be determined inadvance consultations with the manufacturer.340 



There is no restri~tion on the transducers, but the l~ne has to be fullof l~quid. The electronic control box c~n be ~ounted in any orientationexcept upside down, but must be within 15m (50 ft) of the transducers.This distance can be extended to 30m (100 ft) under special circumstances,Overall accuracy of this ultra~onic device depends to a certain degreeon the stability and definition of the fluid velocity within the meterpath. In some circumstances (e.g., in large diameter pipes and openchannels), the flow velocity profile is unstable. Several ~tatisticalaveraging te~hniques, su~h as the ~~~~~~~~ i~tegration method, ~an beused with the ~~~~~~~~~~~~ to improve accuracy. However, these te~h¬niques are complex and involve addit~onal expense.341 



MANUFAC~U~ER: ~~~~~~ LABO~ATOR~ES, INC.46 LIBERT~ STREET, BRAIN~ ~~~~ STATION~~~~~~~~~ NEW JERSEY 08840TELEPHONE (201) 549-4260PRODUCT LINE: ACTIVE AN~ PASSIVE ACOUSTIC FLOWMETERSDESCRIPTION:~~~~~~ Laboratories ~urrently ~manufactures a line of ultrasonic flow~~meteri~g and ~ensing instruments which cover a wide range of liquidand gas applicat~ons. Those meters appearing to be be~t ~uited for~~~~~~~~~~ applications are the non-contacting~ clamp-on passiveacoustic ~~~~~~~ Series (2, 3, 4~ 5) ~meter~ (the~e are the least ex~~pensive) and several more expensive models (e.g.~ Type II ~~~~~~~~Type IV ~~~~~~ etc.) that utilize the time difference principle anddigital computer technology.Passive Flowmeters - These clamp-on flow indicators utilize the a~ousticemission principal and appear to be usable for liquids, solids, gases,and slurries. All models in this series read relative velocity forliquids and gases and relative mass flow for sl~rries and solids. The~~~~~~~~~~~~~~ device responds, through a microphone~ to broadband noisegenerated by the moving medium ~ noises which range from the audible tothe h~gh ultrason~c spe~trum. Filters are provided to eli~inatespurious sounds from sources other than the flow~ng ~material. In thecases of liqu~ds and gases, the signal produ~ed Is an analog outputwhich is a function of flow velocity; for slurrie~ and powders~ It isa fun~tion of mass velo~~ty. The sensor element clamps or bonds to theoutside of the p~pe wall, and the manufacturer states that their bestsensi~g location~ are at elbows or flanges. It is further recommendedthat they should be lo~ated at least 3m (10 ft) away, and preferably asfar away as possible, from pumps or compressors as ~hey may introducespur~ous signals that could pass through the receiver band-pass f~lters.Very low flow velocities (e.g., slurrie~) may be ~ensed by imposing someform of "flow spoiler" in the stream such as an or~fice, pipe constr~c¬tions, or even any small projection which does not have to haverotat~onal symmetry,This meter may be used for any pipe size, ranging from 0,31 cm (1/8 ~n.)~~~~ copper tub~ng to 305 cm (120 in.) or larger pipe diameters. M~ll~¬volt, ~~~~~~~~~~~~ and relay contact ~losure outputs are ava~lable~ Themeter must be calibrated at the site of Installat~on.Active Flowmeters - The Scarpa active ultrasonic liquid (called~~~~~~~~~~ ~~~~~~~~~ ind~cates flow by means of two transdu~ers eitherclamped on the opposite outs~de walls or inserted through the walls of342 



any pipe size from 7.61 to 152.4 cm (3 to 60 in~~~ The instrumenttransmit~ and receives ultrasonic signal~ through the pipe wall andacross the flow stream at an angle to the flow. The actual measurementi~ of velocity and is transformed to volumetric flow by means of eon-version table~ that correct for pipe wall thickness and internaldiameter. Units for a specific pipe size can be factory calibratedto read directly in ~~~~Applications range from non-intrusive flow surveys to flow measurementand control where the non-l~quid contact feature ~s essential~~ Theelectronics are housed in an industrial grade ~~~~ 4 ~~~~~~~~ box withhinged door.The ~~~~~~~ type units all employ digital computer technology inprocessing the information obtained from the ultra~oni~ "front end."BCD or binary outputs can be provided, as well as 0 to 10 volts, 4 to20 ~~ or 10 to 50 ~~~ analog outputs. Digital flow rate displays arealso available as standard equipment.All transducers are metal encased and transmit and re~eive throughresonant metal ~w~ndows." As such they can withst~nd high pressuresand most corrosive environment~. Materials of construction ~~~~ bealuminum, titanium, ~~~~~ or stainless steel* Exp~osion proof hous~ngsare available at addit~onal cost.SPECIFICATIONS:Series S~-( ~ ~~~~~~~~~~Range: 0.3-1.5 ~~~ (1-5 ~~~~ to sonicvelocit~es*Accuracy: Calibrated in place~~~~~~~~~~~~~~~~ ±1%Power: 117 VAC, 1/10 Amp, 50/60 Hz~~~ Battery Power ava~lable some modelsTemperature Range: -40° to ~ 150°C (Sensor)-40° to ~ 80°C (Receiver)~ltrason~c Liquid Doppler ~~~~~~~~~~ (Typ~cal)Range: (~low veloc~ty) 0.3 to ~ 9 m~s (1 to ~ 30 fps)Accuracy: ±2%* 0~100 ~~ ~meter ind~cates relative flow velocity. May be cal~bratedon site to indi~ate actual flow rate.343 



RepeatabilityPRICES~S~S-2-EPSS~M~3-~PS~~-4~~PS~~~~~~~~~~~TS~-2-( ~Type ~~~~~~~Type ~~~~~COMMENTS:±2%~~~ Serie~ ~~~~~~~~~~Ultrasonic Clamp~On ~low Switch,with Regulated Power S~pply.Ultrasonic Clamp-On Flow Meter,Battery PoweredBatteries - $2.75 each extra(2 required)Ultrasonic Clamp~On Flow Meter,with Regulated Power Supply.Flo~ Switch, Flow Meter ~ombina~ionwith Regulated Power SupplyClamp-On ~low Sen~ors-Transm~tters(Note: At least one TS~-2-( ~~sensor is required with eachreceiver)Ultrasonic Liquid ~~~~~~~ ~~~~~~~~~~~(Clamp on unit)(~~etted" sensors)$181.50$330.00$341.00$467.50$ 93.50to$165.00$3,500-$5,000$3,500-$10,000~~~~~~ offers the only passive acoustic ~~~~~~~~~~ on the market today~~but little is known about their use ~n a storm or combined sewerapplication.344 



MANUFACTUR~R: ~~~~~~~~~~~ INC.14 ELIZABETH STREET~~~~~~~~~~~ NEW YORK 14105TELEPHONE (716) 735-3616PRODUCT LINE: BUBBLER-TYPE SECONDARY ~~~~~~~~~~DESCRIPTION:~~~~~~~~~~ has recently introduced the~r ~~~~~~~ battery operated,open channel ~~~~~~~~~~ It ~~ a bubbler-type secondary device in whicha pressure transducer senses the bac~-pressure experienced by an inertgas which is bubbled at a constant flow rate through a tube anchoredat an appropriate point w~th respect to the pri~ary device (weir,flume, etc.). The flow depth is thus ~~~~~~~~~~ and electronicallyintegrated into the appropriate flow equation. Appropriate numericvalues for the rest of the flow equation are set with two dials onthe front of the meter.The device appears to be extremely simple to set up and put into opera¬tion. It can operate up to 122m (400 ft) from the measurement site.This unit, which is claimed to be one of the smallest and most ac~urate~~~~~~~~~~ available~ is equipped with a 31-day pressure sensitive stripchart recorder for a continuous record of flow rate and a si~ digittotalizer reading in gallons to Indicate total flow over time. Be~idesthe flow rate readouts in ~~~ or ~~~~ the ~~~~~~~ can be set to simplygive depth readouts in either feet or inches. It is also designed tosupply a flow-proportional signal for an automatic sampler and willindicate at what t~me each individual aliquot was taken.SPECIFIC~TIONS~A~curacy~Power~Battery Life:Bubbler Cylinders;Dimensions~Weight~±2% from the theory ~urve of theprimary deviceAC units, 115VDC units, 12V Lead A~id Type Battery30 Amp-Hour - 10 days15 Amp~Hour - 5 days0.9 kg (2 ~~~ ~~~~~ ~~~~ gas cylinders(two) last for approx~mately 3 to4 weeks34.3x36.8x25.4 cm (13.5x14.5x10 in.)15.9 kg (35 Ib) with 30 Amp~HourBattery11.8 kg (26 Ib) with 15 Amp-HourBattery8.2 kg (18 Ib) AC model345 



PR~CES: $1,750 for ~~~~~ Un~tCOMMENTS:Thi~ small, versatile unit appear~ to be well ~uited, in conjunct~on~ith appropriate primary devices (l~near, 3/2 or 5/2 power), for many~~~~~~~~~~ flow surveys. Its complete portab~lity makes it espe~~allyattractive for such use. Wide range requirements could pos~ a problem;although the unit has four range settings, they must be set manually.346 



MANUFACTURER: SINGER-AMERICAN METER DIVISION13500 ~~~~~~~~ AVEN~EPHILADELPHIA, PENNSYLVANIA 19116TELEPHONE (215) 673-2100PRODUCT LINE: ~~~~~~~~ AND ~~~~~~~~~~~~~ FLUMES; LIQUID LEVEL GAGESDESCRIPTION:The American Meter Division of Singer offers ~~~~~~~~ flumes in sizesfrom 7.6 to 30.5 cm (3 to 12 in.) as standard and up to 2.4m (8 ft) onspecial order. The flumes are heavily ribbed for free-standing instal¬lations and may also be used as liners in concrete. They are fabricatedin one piece from polyester plastic resin, reinforced by glass mat notless than 30 per~ent by weight, and have a smooth white surface. A con¬nection is available on either side for a bubbler pipe, and a head gageis molded into the side of the flume. For installation in pipelines,American also offers Parshall flume end adaptors to make the transitionfrom round pipe to rectangular flume and back to round (Figure A).Short-section flumes (i.e., no diverging section), are available for usewhere space is restricted and the additional head loss is tolerable.The ~~~~~~~~~~~~~ flumes offered by American feature a trapezoidal sec¬tion with a flat bottom. Re~ommended installation techniques in~ludegrouting or adhesive bonding. They are also molded from fiberglass-reinfor~ed ~~~~~~~~~~~ polyester resin with a white gel ~oat interiorsurface. The outside surface has clips for anchoring to concrete. Theflume in~ludes a built-in stainless steel bubbler tube.American offers a number of secondary elements (Figure ~~ for use with~~~~~~~ weirs, rectangular weirs, Parshall flumes, and Palmer-Bowlusflumes. Spring-wound, battery, or ele~trical (110 VAC) chart drivespeeds can be either 24 hours or 7 days per revolution. Integratinginstruments use electrical drive charts.The American bubbler tube level system utilizes an air pump to pressur¬ize a ~~~~~~~~ pressure element. A tee is incorporated in the lineleading to the capsular pressure element to bleed off a continuous flowof air (back pressure at the capsular pressure element) to the dip tube.The dip tube is open at one end and submerged, for example in a weirwith the open end on a plane with the bottom of the weir notch. Theair escaping from the open end of the dip tube produces bubbles (airpump is adjusted to produce approximately 30 to 90 bubbles per minute)~thus, the air pressure in the dip tube corresponds to the hydraulic headof the liquid. As the liquid head varies, the pressure in the tubechanges. This tube pressure is proportional to the pressure variationat the capsular pressure element. Here the movement of the capsularpressure element is transmitted to an integrating stylus and recordingpen arm ~hich a~curately records a pattern of liquid flow. The inte¬grating instrument totalizes the actual volume measured. The integrat¬ing mechanism is a rotating cylindrical cam with a surface correspondingto the weir not~h characteristic. Depend~ng upon the position of thepressure stylus, the cam actuates the ~ounter drive for a portion ofeach revolution. Since all fun~tions are performed by special gearing,there are no-clut~hes to cause backlash or slippage.347 



CAULKINGSLEEVEAd~pters Bolt To Each~End Of The Flume ~~~~~~Sta~nless Steel BoltsEXISTING PIPE LINESUsually R~qu~re The P~p~ InvertTo Be ~e~ow T~e Flume En~rance.ON NEW PIPEL~NESThe Inlet P~pe Invert ShouldBe At Same ~~~~ As The F~ume.CAULKING COLLARSS~~ed 1 ~~2~ Lar~er ThanThe P~pe To Al~ow MovementFor Leve~~n~ FlumeOUTLET P~PEMust Be AtSame Elev AsFlume ~~~~~~~Or LowerINVERT~~~STANDARD INLET AND OUTLET ADAPTERSFOR ~~~~~~~~ FLUMESINLETOUTLETEnd ~~~~~~~~~~~~ ~~~~ a« caulk~ng ~~~~~~~ are not ~~~~~ ~~ ~~~~ and type may vary.~~yy12~18~2VAl'-6~~~~~2'~~~3'-y~~~4~~~~~12"l'-6~~~~~~~~~~~~~~~~~y~~10~10~7"0~'.~~~~~~~~~~~~~~~~~a"~yT~~~~~~~~12~~~~~~~~~~~ ~~~~~~~~~~~~~~3'~~~~~~~~5~~4~~~~9~-7~~~~~~~5~~G~7~yy~4~3~4"4~5~5~Figure A348 



F~gure ~349 



MA~UFACTURER: S~~~ING ~~~~~~~~~~~~~~~~~~~ CORPO~ATION4097 NO. TEMPLE CITY BLVD.EL MONTE, CAL~FORNIA 91731TELEPHONE (213) ~44-0571PRODUCT LINE: PROPELLER ~~~~~~~~~~~ TRANSM~TTERS, RECORDERS, ANDINDICATORS/TOTALIZERSDESCRIPTION:~~~~~~~~ Manufactures a variety of propeller~type meters, electromecha¬nical devices and controls, solid state instruments, and telemeteringequipment. Some of these are suitable, or are potentially acceptable~~for some ~~~~~~~~~~ and/or sewer ~low applications. Of particularinterest are the Ser~es 100 meters (Masterflow wastewater meters) and avariety of electrical flow rate transmitters for u~e with flumes orweirs or for mounting on ~~~~~~~~~~ to operate re~ote recorders, in~~dicators, and/or totalizers.Sparling offers two styles of wastewater meters - the flanged Masterflowtube type and the Masterflow Open Flow type (see ~igure A). For bothmodels, application in measur~ng waste flows is re~ommended only afterprimary treatment, i~cluding waste or return activated sludge. The~emeters are not recommended for raw sewage or primary sludge flows.Therefore they will not be described further,Secondary~Measurement Devices - Se~ondary devices offered by Sparlinginclude the following:• ~ulse~Rate Transmitters - These designs utilize an opticalpulse~rate generator to provide a 0 to 20 ~~~ ~ignal directlyproportional to flow rate.• Electronic Tran~mitters - Measure arid transmi~ level~ pressure,or other variables. Output signal accuracy is ±1~~ Pulsefrequency, DC voltage, or current output modes,• Miniature Strip~Chart Recorders - Indicate and continuouslyrecord flow, pressure~ level, or other variables. Can accom~~modate solid state or relay~contact output ~witches foralarm, status indication~ etc.• Circ~lar~Chart Recorders - Feature 30.4 cm (12 in.) linearcharts designed for either ~~~~~~~ or 7-day recording;25,4 cm (10 in.) indicator scale; and ~~~~~~~~~ direct-reading totalizer.350 



~~~~AD6~ CO~I~AL~~~~~~~~~~~~ ~~~~~~~~~STRAIGHTENING VANES SPACEDE~UIDISTA~T APARTRETAINER RINGSUPPORT ARM~~gure A351 



COM~ENTS:Propeller meters are not recommended by ~~~~~~~~ for u~e in raw ~ewageand are un~u~table for a stor~ or combined sewer appli~at~on.352 



MANU~ACT~RER: TAYLOR~~~~~~ CORPORATIONTAYLOR INSTRUMENT ~ROCESS CONTROL DIVISIONTELEPHONE (716) 235~5000PRODUCT LINE: ELECTROMAGNETIC ~~~~~~~~~~~ S~BMERSIBLE PROBESDESCRIPTION:~~~~~~~~~~ - The ~~~~~~~~~ 1100/1200 Series electromagnet~c flow~~meters mea~ure flow by Faraday~ Law of Magnetic Induction. A low-level, AC ~ignal generated by the movement of a cond~ctive fluid in amagnetic field is amplified by a solid-state transm~tter which may beused directly with ~~~~~~ receiving in~truments such as controllers,re~orders~ integrators, etc. Figure A shows a typical installation,The HOOT or 1101T transm~tters are used with Taylor 1100L, 1101L,1200L, 1210L, 1211L~ 1240L, and 1241L sensing heads. The ~OOT is theremote unit and can be mounted up to 366 meters (1200 feet) from thesensing head. The 1101T is the integral form and is mounted directlyon the sensing head; it produ~es a 4 to 20 ~~ DC signal whi~h is linearw~th flow. The transmitters are completely solid state and incorporatethick film hybrid integrated circuits and an automatic quadraturerejection (or null adjustment) feature which eliminates costly and time-consuming start-up. If p~eumatic output is required~ the 1100L can becoupled to a Taylor 737 transmitter. ~~~~~~ is the standard liner mate¬rial used in the "MAG~PIPE" 1100L sensing head, although a variety ofother liner materials are offered,The recently introdu~ed Taylor 1210L series uses self-cleaning electrodesto eliminate the measurement problems caused by severe coating buildup.The ele~trode material used ~s Carpenter 20eb-3 stainless steel, whichis ceramic coated for this application. Only a condu~tive "eye" (Fig¬ure ~~ for signal pickup is untreated; the eye protrudes ~nto the highervelocity portion of the process stream which is said to have a cleansingaction on the eye caused by the eye~s unique geometric construction.Submersible Probes - Taylor also manufactures a submersible probe formeasuring flow in large process pipes of 50.8 cm (20 in.) ~~~~ or over.The ~~~~~~is a 15.24 cm (6 in.) magnetic ~~~~~~~~~ consisting ofplatinum foil electrodes fired into a ceramic tube. The probe ~an beused with either a re~ote or integrally mounted transmitter. Theassemb~y is welded to a mast which is fastened to a flange. WhenInserted into the process piping, the ±1% accuracies may be achievedwhen a sy~metrical velocity profile exists at velocities above 0,6 ~~~~(2 ~~~~~ In addition, compensation can be ~ade for non-symmetricalveloc~ty profiles by field calibration techniques such as ~~~~~~traverses, dye dilution, or other a~ceptable methods.353 



Figure A354 



Self-Cleaning Electrodes~igu~e ~355 



SPECI~ICATIONS~Accuracy (includ~ng Sen~ingHead and Tran~m~tter)~1100/1200. S~rie~ ~~~~~~~~~~ ~Typical)±1~ of ~low (Sensing Head andTransmitter calibrated separately)±0.5~ o~ flow (Integral Mount~ngor Sensing Head and Tran~m~tter cali¬brated together)±0.25~ of ~low between 0.91 and~.57 ~~~ (3 and 15 ~PS) (optimumcalibration)Repeatability (includingSensing Head and Transmitter:Flow Range:Sen~itiv~ty ~~~~~~~~~~Output Signal~~~M~nimum Process Conductivity:Power:Power Con~umption~~~Pipe Size~:Weight~±0.2~ of flow0~0.9 to 0~9.0 ~~~ (0~3 to 0-30 ~~~~300 microvolt~ ~~~~~~~~~~4-20 ~~~ DCDown to 1 ~~~~~~~~~~~117 VAC, 50/60 Hz or117 ~~~~~~~ VAC, 50 Hz12 ~~~ 11.8 watts2.54 cm (1 in.) to 30.48 cm (12 in.)6 kg (13 ~~~ - Tran~mitter; 20.4 ~g(45 Ib) to 109.0 kg (240 ~~~ -Sensing HeadPRICES: Sensing Head~, from $935.00 to approximately $5,000(MAG~PIPE 1100 Series only)Transmitters, Remote Mounted — $810.00Transmitters, Integrally Mounted on Sensing Head — $791.00COM~ENTS:The ~~~~~~ line of electromagnetic ~~~~~~~~~~ features a number of whatare claimed to be unique features that extend the utility of theirdevices~ Ele~tromagnetic flowmeters were d~scussed thoroughly inSection VI and will not be discussed further here.* Sen~ing Head only~~ Transmitter only356 



MA~UFACTURER: THE~MAL INSTRUMENT COMPA~Y41 TERRY DRIVE~~~~~~~~ PENNSYLVANIA 19047TELEPHONE (215) 355~8400PRODUCT LINE: THERMAL ~~~~~~~~~~ AND FLOW PROBESDESCRIPTION:The Thermal In~trument Company offer~ the Model 60 and ~~~~ thermal~~~~~~~~~~ wh~~h could be appli~able to the mea~urement of combinedsewage and ~~~~~~~~~~~ however, their Model ~~~~ thermal mass flowprobe and thermal flow probe (no model number) do not appear to besuitable for this application becau~e of the vulnerability of suchprobes to dam~ge when inserted in effluent and stormwater flo~shaving large quantities of suspended material~.Model 60 Thermal ~~~~~~~~~ - This dev~~e consists of a single,unobstructed flow tube hav~ng no moving parts. The meter utili~esthe thermal boundary layer principle in which the sensing elements(i.e., temperature and flow) are lo~ated on the outer surface of thetube and never contact the flowing medium. The flow sensor is ener¬gized with a small amount of electrical energy (less than one watt)~the heat conducted off this element, by the flow stream, is dire~tlyproportional to the mass flow rate of the fluid~ Additional sensingelements are lo~ated on the tube to compensate and correct for theeffects of fluid and ambient temperature. It is reported that anyfluid can be ~~~~~~~~ no matter how corrosive or abrasive. The meteris said to be not attitude sensitive and therefore can be mountedvertically to prevent the buildup of solid parti~les in slurries. Themeter can be used w~th a variety of standard ~~~~~~~~~~~~~~ recorderor control device~, standard industrial and military transducers, anddigital readouts.Model 60-L Thermal Flowmeter - The Model 60-L is a "spool piece" typemeter and is similar to the Model 60 in basic operation, w~th onefundamental difference. The Model 60-L also has acquired level sen¬sors on the outside diameter of the flow tube. Figure A is a diagramshowing the location of the level and velocity elements in this combin¬ation meter body. The product of the readouts prov~ded by the velocityand liqu~d level measuring sensors will give total instantaneous flowin a partially f~lled effluent duct, whi~h u~ually is so designed thatit will never operate completely full ex~ept under emergency condition~.357 



~ -~~ ~ ~LEVEL~~~~~ 1TEMPERATURE SENSORS~-~-~~~SENSORS~ --~~~~~~~~FLOW SENSORS~17~~~gure ASPECI~ICATIONSOutput~Model 60 Thermal ~~~~~~~~~Flow Rate:Acc~racy:Repeatab~lity:Response Time:Pipe Size~:Power:0 to 10 a~~~C signal to operate anystandard ~~~~~~~~~~~~~~ recorder orcontrol device (standard)1 to 5, 4 to 20, 10 to 50 ~~ or 1 to5 ~~~ for recording and control purposes(optional)3 to 15 ~~~~ or 3 to 30 ~~~~ pneumaticsignals (optional)Digital readout with BCD (optional)1 ~~~~~~~ (minimum)~ no upper limit±~~ ±0.2~ of reading1/2 sec.up to 50.8 cm (20 in.)115 VAC, 60 Hz, ~ 20 watts358 



Model ~~~~ Thermal ~~~~~~~~~~Accura~y: Velocity - 1%Level - 1%Overall - 2%Other attributes are si~ilar to Model 60.PRICE:Prices vary with size and parti~ular speci~ication details; a completeModel ~~~~ in a 61 cm (24 in.) ~ize costs around $15,000.COMMENTS:The Thermal Instrument Company~s product~ appear very suitable formeasuring storm and combined sewer flows if all the manufacturer~sclaims are valid. No applications data on these fairly new devicesare available for such services.359 



MANU~ACTURER: ~~~~~~~ SCIENCES, INC.161 ~~~~~~ DRIVEROCHESTER, NEW YORK 14610TELEPHONE (716) 461-1660PRODUCT LINE: ULTRASONIC ~~~~~~~~~~DESCRIPTION:The ~~~~~~~ Sciences temperature-~ompensating, ultrasonic flow measure¬ment and transmitter system is designed for use with open channelflumes or weirs having a 3/2 power flow characteristi~s. The model~C-3~SW ultrasoni~ transm~tter, when correctly installed and calibrated,will measure the water depth in front of the flume or weir.This ~ystem con~ists of two basic components. The first is an enclo~~sure housing the electron~c control, integrated circuit flow ~~~~~~~~~~~~~~~~ and transmitter. The second is an ultrasonic transducer "head"for bracket mounting above the water flow at the flume or weir. Thetransmitter and "head" are connected with a coax~al cable for the meas¬uring signal and two wires for air temperature compensation. The sys¬tem generates a high frequency sound pulse from the "head" mountedabove the wa~er flow. When the sonic pulse ~s reflected from the wa~~ter~s surface and received back, the control interpret~ the time delayperiod into water depth and the integrated circu~t function module ~~characterizes the ~ignal into a linear 4 to 20 ~~~~ flow signal output.The transmitter is enclosed in a 40.6 ~ 35.6 ~ 15.2 cm (16X14X6 in.)oil- and dust-tight fiberglass enclosure for wall mounting. Theexplos~on-proof "head" l~ encapsulated in ~~~~~ to pro~ect it from theeffects of liquids and most industrial operating environments~ Theoutput signal from the FC-3-SW may be used to provide a remote input toa Tri-Aid Integrator system for flow totalizing and sampling control.It may also be used with indi~ators, recorders, controllers, and/orcomputers to meet the custome~s system requirements. The transm~tterenclosure can be located up to 91m (300 ft) from the weir or flume.Typical Installation detail~ are shown in F~gure A. Power requ~remen~sfor the system are: 115 VAC, single phase, 10 amps, 60 Hz ±10%.PRICE:Not available at time of writing~~COMMENTS ~The 0.9m (3 ft) max~mum d~stance from the fa~e of the transducer headto the zero flow datum is for standard calibration. For special appli¬cations, this distan~e ~an be increased up to 6m (20 ft) to meet re¬qu~rements for many storm or combined sewer applicat~ons.360 



TYPICAL ~~~~~~~~~~~~~~~~~~~~~ (HEAD)~~~~~~~~~~I~ID ~~~~~~~ TO TRA~~~ITTER ~~~~~~~~~~~~~LIQUID-TI~~T ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~ ~OR~PLICE OF COAX~ALCA~LE 4 (2)~18 WIR~~.S~~.~TL~O~ RU~TPROOF~~~~~~ REQ~~. (SHIM AS~ECE5~ARY TO LEV£LTRAt~~5~~CER ~~EAD~~~~PREFERRED ~~~~~~~~ ~~~OF RE~O~ABLEFASTENERSLOCATIO~ OF~~FA~TE~~~ FOR~~~~ SUPPORTTO PREVENT -~~~~~~~~~ OR5~~~D ~~~~~~~~~~~~~~~~3~" MAX~~CAT ~~~RO~~ FLO~)~~~~~~BOTTOM ~URFAC~~ OF ~~~~~~~~~~~ ~H~AD~~MUST BE F~~~~A~~EL TO LIQUI~ ~URFACE~~Figure A361 



MANUFACTURER: UNIVERSAL ENGINEERED SYSTEMS, INC.7071 COMMERCE CIRCLE~~~~~~~~~~~ CALIFORNIA 94566TELEPHONE (415) 462-1543PRODUCT LINE: ~~~~~~~~~~~~ SYSTEMS (CONTROL CABINET,RECORDER, TOTALIZER, READOUTS)DESCRIPTION:~~~ offers its electronic ~~~~~~~~~~~ flow measurement s~stem in severaldifferent confi~urations - i.e., for permanent installations, remote ortemporary locations, and intrinsically safe installations for "hazardous"area applications. Speci~ically designed for measuring ~~~~~~~~~~ flowin manholes, in effluent and influent lines, etc., this ~o~pletely elec¬tronic system, which utili~es a ~~~~~~~~~~~~~ flume for it~ primaryelement, does not employ floats, probes, mechanical linkages, or bub¬blers. The basi~ unit ~onsi~ts of a control cabinet and the measuringflume. The control cabinet contains the electronic circuits~ flowrecorder, flow totalizer~ power supply, etc. The measuring flumecarries an embedded sensor element wh~~h provides the electronic infor¬matio~ relating water depth to flow. Figure A shows a typ~cal temporarymanhole i~stallation.Measuring Flume - The physical c~nfiguration and dimension~ of thisprimary measuring device (Figure ~~ follow the standard Palmer-Bowlusconcepts. Its smooth, ~~~~~~~~~~~ plastic construction is rugged andcauses little, ~f any~ disturbance or restriction to water flow. Sizesto 30.5 cm (12 in.) are stock items; larger si~es may be obtained byspecial order.Flow Rate Recorder - This secondary device provides a 30-day, continu¬ous strip ~hart for recording a permanent record of flow variations(rate ~~ time) i~ the sensing flume at all times. Spec~al pressure-sensitive chart paper is used.Flow Totalizer ~ This six-digit counter displays total flow volumethrough the flume in units from one thousand to one billion gallons.Telemetering - Via a spe~ial operational plug provided with each moni¬tor, flow ra~e and total flow informat~on can be sent to central off~ceterminals. Built-in logic cir~uits are provided for this purpose.Remote Di~play - Up to 1525m (5000 ft) of ~~~~~~~~~~~~ No. 20 gaugeshielded wire can be provided as interconnecting cable between anoptional remote display and the low-voltage ~~~~~~~~~~~ computer(Model 8092 only). The remote display contain~ a flow rate recorderand a flow totalizer and an alarm to signal ex~essively high or lowflow rate.362 



Temporary LocationModel 8091Permanent InstallationModel 8090Figure A363 



Figure ~364 



SPECIFICATIO~S~Pipe Size - cm (in.)FlumeLength - cm (in.)10.2(4)15,2(6)20.3(8)25.4(10)30.5(12)26.50.68.81.96.4(14)8(20)6(27)3(32)5(38)Max Flow - ~~~~ ~~~~~~475(.125)~95(.25)1.90(.50)3.42(.90)5.32(1.40)~~~~~~~~~~~ (All Model~ unless otherwi~e indicated)Ac~uracy~Power:Size:Control CabinetRemote Display Unit(8092 only)~~~~~~~~~~~~ (8092 only)Weight~Control Cabinet(8090/8091)Power Supply (8091 only)Remote Display Unit(8092 only)~~~~~~~~~~~~ (8092 only)Temperature Range:Price~±4~ full s~ale120V 60 Hz12V (Rechargeable gel-battery for 8091 FLO~~Monitor)30.4x35.6x15.2 cm(12x14x6 in~)20.3x25.4x10.2 cm(8x10x4 in.)20.3x25.4x10.2 cm(8x10x4 in.)~~9.07 kg (20 ~~~11.34 kg (25 Ib)~4.54 kg (~10 Ib)~2.27 kg (~5 Ib)-1° to +49°C (30°,to 120°F)Not available at t~me ofwriting.365 



COMME~TS:Using a characterized electronic probe embedded in the va~l of the~~~~~~~~~~~~~ flume offers many adva~tages for storm or combinedsewer application. However, the one-pie~e design will present ~~zerestrictions due to manhole entry dimensions.366 



MANUFACTURER: ~~~~~~~~~~~~~~ INC.P.O. BOX 459ARLINGTON, TEXAS 76010TELEPHONE (817) 261-4446PRODUCT LINE: ORI~ICE PLATES, ~LANGES, FITTINGS, AND METERINGTUBES~ ASME AND SHORT-FORM ~~~~~~~ TUBES; FLOWNOZZLES; ~~~~~~~~ FL~MES; T~RBINE ~~~~~~~~~~DESCRIPTION:~~~~~~~~~~~~~ is a long-establi~hed ~anufacturer of pr~mary flow meas¬urement devices. Ea~h of their prod~ct lines will be discussed briefly,Orifice Plates and Accessories - ~~~~~~~~~~~~~ ~~~~~ maintains anenvironmentally-controlled atmosphere where concentric, eccentric,~~~~~~~~~~ and quadrant edge orifice plates are bored to precisiontolerances in ~~~~~~~~~~~ with ~~~~ ISA~ and ASME recommendations(unless otherwise specified by the customer)~ Each plate is stampedwith line size, ~~~ rating, material, and exact orifice bore. Allplates which are beveled are stamped "inlet" on the square-edged side.Sizes available for line diameters are from 1.3 to 229 cm (0.5 to90 in.) in virtually any machinable material to suit the application.Types 302, 304, and 316 stainless steel, ~~~~~~~~~~ and ~~~~~ arestocked for ~mmediate delivery. Orifice flange unions, fittings toallow removal without interrupting service, straightening vanes~ andmeter runs for highest accuracy are also offered by VSI.Flow Nozzles - VSI manufactures flow nozzles for critical and sub-critical flow in ac~ordance with ASME standards. The~e are availablein carbon steel, ~~~~~~ ~~~~~ and stainless steel in si~es from 2.5 to76 cm (1 to 30 in~~~ For guaranteed accuracy, flow~calibrated meterruns are also manufactured.~~~~~~~ Tubes - VSI manufactures a number of ~~~~~~~ tubes including afabricated type (welded, not cast) ASME, a short form~ and a lowpressure loss venturi. The fabricated, long-form (ASME) venturi islighter in weight and more durable than cast or forged Venturis. Theshort-form venturi, while offering standard venturi accuracy (±0.75~~~~~~~~~~~~~~~~ requires less laying length (four times the pipe diam~~eter) and produces only slightly greater ~~~~~~~~~~~ pressure loss.The low pressure loss venturi or flow tube is a spe~ial design thatmaintains good uncalibrated accuracy (±1%) but offers only about one-fourth the pressure loss of a standard venturi (typically 3% with abeta ratio of 0.75).367 



All ~~~ ~~~~~~~ tube~ are ava~la~le In a wide range of standard sizesfrom 7.6 to 122 c~~ ~3 to 48 i~.) and four beta ratios (0.375, 0.490,0.630, 0.750). Other sizes and ratios can be manufactured for special~ituations. A partial list of~ standard ~materials includes carbon steel,various stainless steels, cast iron, ~~~~ and fiberglass. Interiorcoatings of nickel plating, tungsten carbide, or glass lining are avail¬able to suit special appli~ation~. Insert types are offered as well asflanged and weld-in designs. Both single pressure tap designs as wellas multiple taps with an interval ~~~~~~~ are of~ered.Par shall Flumes - VSI manufactures ~~~~~~~~ flume~, ~n all sizes, madeof fiberglass, steel, or ~~~~~~~~~~~ concrete. They are available withor without a built-in electronic flow element (liq~id height gage)~ rateindi~ators, recorders, and total~zers are also available.Turbine ~~~~~~~~~~ ~ VSI ~anufactures ~nsertion-type turb~ne ~~~~~~~~~~~for use w~th or without a check valve. In-line types with threaded orflanged end~ are a~so available. They are offered for use in pipe sizesfrom 7.6 to 244 cm (3 to 96 in~~~PRICES~Pr~ces were not available at time of writi~g.COMMENTS:VSI manufa~tures a wide line of pr~mary flow measurement devices andwill assist customers in assembling complete flow ~easurement systems.All of these dev~~es were discussed in Section VI and will not be com~~mented upon further here.368 



MANUFACTURER: WALLACE-MURRAY CORPORATIONCAROLINA FIBERGLASS PLANTP.O. BOX 580510 EAST JONES STREET~~~~~~~ NORTH CAROLINA 27893TELEPHONE (919) 237-5371PRODUCT LINE: ~~~~~~~~ FLUMESDESCRIPTION:Wallace-Murray manufactures a variety of products made of fiberglassrei~forced plastics, in~luding a l~ne of standard ~~~~~~~~ flumes.These flumes feature maximum chemi~al and corrosion resistance, undernormal ~onditions, through their use of polyester resins. Wallace-Murray offers flumes of varying depths and several optional features.Throat widths are available from 7.6 to 121.9 ~m (3 to 48 in~~~ lengthsrange from 0.3 to approx~m~tely 3.35m (3 to 11 ft).A standard feature of the Wallace-Murray flume is a head gage moldedinto the side of the flume at its lower end for the mea~urement of freeflow discharges and flows under partially-submerged co~ditions. A freeflow discharge graph is used in conjunction with the gage to determ~neflows under these conditions. Under submerged ~onditions, head flowmust be measured at both upper and lower locations. By using flow ~or~~rection curves, a determination of the flow los~ due to submerged ~on¬ditions can be made. Head gages at the se~ond location are ~~~~~~~~~and will be supplied upon customer request.Optional features of the Walla~e-Murray devices Include the incorpora¬tion, on some models, of a ~~~~~~~ (12-~~.)-d~ameter ~~~~~~~~~ (may bemounted on either side of the flume) or a ~~~~ (2 in.) tap for the in¬stallation of a remote floatwell or bubbler system. A sanitary white~~~~~~~ interior surface is also available. ~ Installation design fea~~tures of the flume includes the provision for free standing installa¬tion with additional reinforcing rib~ or ~~~~~~~~~~ optional for maximumstability instead of the ~tandard loops for anchoring when used asliners in concrete.PRICES~Prices not available at time of writing.COMMENTS:Parshall flumes were discussed thoroughly in Section VI and will not becommented upon further here.369 



MANUFACTURER: WESMAR INDUSTRIAL SYSTEMS DIVISION905 DEXTER AVENUE NORTHSEATTLE, WASHINGTON 98109TELEPHONE (206) 285-2420PRODUCT LINE: ULTRASONIC MEASURING DEVICESDESCRIPTION:The Industrial System~ Divis~on of WESMAR (Western Marine Electronics,Inc.) manufacturers several secondary liquid mea~urement devi~esutilizing the technique~ of ultrasonic (~onar in air) rang~ng. Theseare the ~~ 9, a ~~~~~~~~~~ ultrasonic liquid level ~~~~~~~~~~~ forflumes and weirs, and ~~~ 9 and ~~~ 15 ultrasonic devices for themeasurement of liquid levels. These devices are all readily adaptableto water and sewage applications.~~ 9 Flow Meter - Actually an echo-sounding instrument, the ~~ 9represents a new concept of noncontact weir/flume flow measurement(actually level monitoring) involving no mov~ng parts or mechan~callinkage. An all solid-state devi~e, the FM 9 (Figure A) consistsbasi~ally of an electronics unit (control box), ~~~~~~~~~~~~~~~~ sensor~~a meter, and a junction box ~~~~ enclosure).FOR:RECTANGULAR WEIRS ~ ~~~~~~~~~~ WEIRSPARABOLIC FLUMES ~ ~~~~~~~~ FLUMES ~* TRAPEZOIDAL WEIRS ~ "V ~~~~~~ WEIRS~~~~~~~~~~~~~ FLUMESFigure AThis device employs a sensor, which is placed above the liquid level.A repetition rate generator in the electronics unit triggers an oscil¬lator that sends a s~gnal through a driver and power amplifier to the370 



sen~or wh~ch converts these pulses into high frequency sound waves.The sensor directs these acoustic signals downward to the material.The sensor detects the returning sound wave (echo) and converts it toan electrical signal. Pre~ision timing circuits are used to measurethe time delay for the echo to return. Processing of the electricalsignals converts the pulse transmit time to an analog voltage or currentproportional to the measurement distance. Output is available whichrepresents height or flow. Temperature compensation circuitry neutral¬izes any temperature variations.~~~ 9/SLM 15 Level Monitor - These are short-range liquid level monitorswhich are entirely self-contained and are designed to interface withstandard industrial meters, recorders, and equipment of all types.Solid state tec~n~ques, in~luding the use of i~tegrated circuits, havebeen employed.A basic system consists ,of an electronics board (power supply, trans¬mitter, re~eiver) and totally en~apsulated ~~~ sensor. The SLM 9 pro¬vides ~~~~~~~~~~ level measurement for distances up to 3m (10 ft) fromthe sensor~ Proportional 0-5 volt and 0-1 ~~ outputs are standard.Options include: 4 to 20 mA ~urrent output; various meters and enclo¬sures; and five independently adjustable set points that may be set atdesired level points for pump control~ alarm indicators, or annunciators~~Operating principles for liquid measurements are similar, from anelectronic and acoustic standpoint, to those of the model ~~ 9 flowmeter~SPECIFICATIONS~Range (minimum)Range (maximum)Resolution~Repeatability~Linearity~Output Signals:Sensor Beam Pattern;~~ 9/SLM 9 - 41 ~m (16 in.)SLM 15 - 46 cm (18 in.)FM 9 - 3m (10 ft)SLM 9 - 3m (10 ft) (liquids)SLM 15 - 7m (20 ft) (liquids)within 1%within 1%within 1%FM 9/SLM 9 - 0 to 5 ~~~~0 to 1 mADCSLM 15 - 0 to 5 VDC0 to 1 mADC (1 to 5, 4 to 20,10 -50 mADC)7° conical included angle371 



Input Power:Electron~cs toSensor RemoteOperation~D~mension~ (Enclosure)Weight~ElectronicsSensorsPRICES:110/220 VAC, 50-60 Hz, 10 watts~ ~~~~~ 9 - up to 91.4m (300 ft~~~~~~ 15 - up to 152.4m (500 ft~~30.4x25.4x12.7 cm(12x10x5 in.)0.91 kg (2 ~~~~0.45 kg (1 Ib)Only general cost guidelines ~an be provided due to the many variables.Complete systems range from $1,500 to $2,500, Sensors cost from $125to $150 and control boards are from $500 to $800. Enclosures (junctionboxes) are available from $25 to $500, depending upon size and ~~~~~rating.COMMENTS:Ultrasonic liquid height gages were discussed in Section VI and willnot be commented on ~urther here.* Using Coax~al Cable RG620.372 



M~NUFACTU~ER: ~~~~~~~~~~~~ ELECTRIC CORPO~ATIONOCEANIC DIVISIONP.O. BOX 1488, MAIL STOP 9R3~~ANNAPOLIS, ~ARYLAND 21404TELEPHONE (301) 765~5658PRODUCT LINE; ACOUSTIC ~~~~~~~~~~DESCRIPTION:More than 10 years of research in the ~low measurement field by~~~~~~~~~~~~ has gone into the development of this acou~tic measuringsystem. The Model ~~ ~~ (leading Edge) ~~~~~~~~~ is so named becauseit uses only the lead~ng edge of an acousti~ pulse as a basis fordetermining liquid velocity and volume flow rate. While this flow~~metering system was designed to measure water flows, the basic principleapplies to most other liquids as well, including raw sewage.Two ultrasonic transducers are in~talled in oppo~ite walls of a conduit,with the line between them at an angle (45°~ for example) with theconduit axis. The two transducers simultaneously transmit pulses ofsound energy through the moving fluid. The pulse moving with the flowtravels the distance between tr~n~ducers in less time than the pulsemoving against the flow. The system measures the transit t~me of thefaster pulse and the difference between the transit times of the fasterpulse and the slower pulse. Us~ng these two time measurements, itsolves two s~multaneous equations in two unknowns - the sound velo~ityand the fluid velo~ity. Sound velocity can vary with changes in fluidtemperature, salinity, and other properties. By measuring sound veloc¬ity and correcting for it, the system automatically ma~~tains itsac~uracy for varying flu~d conditions. Volumetric flow through a con¬duit is computed by integrating the local fluid velocity over the con¬duit cross section. The system does this by measuring local velocitiesalong several paths, scaling these velo~ities for path geometry, andsumming. A pair of transducers is required for each path~ Four trans¬ducer pairs (four paths) will achieve better than 1~ accura~y with anypractical velocity profile. Volu~etric flow in an open stream is com~~puted in a like manner, except that water stage is measured andaccounted for as it varies.Figure A shows a basic acoustic configuration arrangement. Two probesare shown in the diagram, each with separate transducers and trans¬mitters; however, in actual pract~ce only one transducer is generallyu~ed in each probe, and both probes are energized by a common trans¬mitter. The probes provide an unobstructed flow path without headloss.373 



~~~~F~gure AThe basic ~~~~ system consists of the transducers and transducer fit¬tings, cabling, and a console housing the electron~c circuitry andreadouts. Four pairs of transducers are provided for flow in conduits;In open channel applications, the number of transducer pairs must bedetermined by the installation geometry.374 



SPECIF~CAT~ONS~Accurac~es~Operating Range:Power (Console):Flow Rate:D~mens~ons (Con~ole)~Weight (Con~ole)~PRICE: $40,000 upCOMMENTS~Se~tion VI discusses the advantages and disadvantages of this type flow~~meter. Co~t, si~e, and complexity of this sy~tem mitigate against itsuse for many storm and ~ombined sewer applications.to 0~1% (demonstrated) in pipes from0.3 to 9.14m (1 to 30 ft)10,000 to 1 (typical)115 VAC. 60 ±2 Hz, 3 amps, <500 wattsNo upper limit. Flows approa~hing16,990,000 ~~~ (600.000 ~~~~ have beenmeasured. Liquid velocitie~ to>0~5 percent of full scale.198x63.5x63.5 cm (78x25x25 in.)136 kg (300 ~~~375 



SECTION VIIISELECTED PROJECT EXPERIENCEIn order to evaluate both standard, commercially available flow meas¬urem~~~ equipment and custom engineered equipment in actual field use,a survey of re~ent ~~~~~ projects in the storm and combined sewer pol¬lution control area was ~onducted. Several ~~~~~ projects designedsolely to develop improved flow measurement equipment were included inthe survey. Final reports were obtained where available, but for someprojects only interim reports existed and, in a few instances, tele¬phone ~onversations had to be relied on. The projects are discussed ingeneral ~hronological order, start~ng with earlier efforts and fini~h¬ing with current, on-going activities.A survey of rece~t activities of ~everal other Federal agencie~ in re¬search and development of improved flow measuring devices and methodsis also included herein. The responsibilities of these agencies includemeasurement of water, so they are familiar with flow measurement needs tofulfill their own objectives. In a few cases, these needs include measure~~ment of ~~~~~~~~~~ and combined sewage. Contacts with key personnel of theagencies were made by personal interview, by telephone, and by letter.CHARACTERIZATION AND TREATMENT OF COMBINED SEWER OVERFLOWSReference (73) describes a study who~e general obje~tives were: (a) todevelop workable systems to manage overflows from the combined sewersof San Francisco, thereby alleviating pollution and prote~ting bene¬ficial uses of local receiving waters, and ~~~ to provide the rationaleand methodology for controlling pollution from combined sewer overflowsin other metropolitan areas of the United States.Data collection for the project included measurement of dry weatherflows of the ~~~~~ Street and ~~~~~~ Street trunk sewers and measure~~ment of storm overflows from the two sewers. Eight storm overflowswere monitored at the Selby Street out~all and two were monitored in theLaguna Street outfall. Monitoring included measurement of rainfall anddischarge.as well as the quality characteristics of the overflows.The tracer dilution method was selected for use in measurement of dryweather flows. ~~~~~~~~ Brilliant Pink B fluorescent dye was used forthe tracer~ and quantitative analyses for the tracer were made with aTurner Model 110 ~~~~~~~~~~~~ Se~ection of the tracer was based on thefollowing advantages:a~ Only small quantities of dye are required because precisedetermination of the dye concentration is possible at_~~10 ~~~~~ Thus cost and quantity requirements are reduced.376 



~~ In most sewage flows the "background" of this particulardye is not significant. The amount of tracer does nothave to be materially increased in order to eliminatespurious background effects.~~ The tracer is not signifi~antly affected by the presenceof materials normally found in sewage.Use of the dilution method did not prove satisfactory for measurementof the ~~~~~ Street overflow. Uneven distribution of the tracer whe~~injected resulted from exposed sludge banks, and there was insuffi~ientturbulence for adequate mixing of the dye. Because of the resultinglack of reliable data, a ~~~~~~~~~~~~~ flume with a 1.22m (4 ft) throatand 15 ~m (6 in.) invert slab, constructed from 16 gauge galvanizedsheet metal was installed. A continuous record of the upstream waterlevel was obtained by mounting a ~~~~~~~ water level recorder, operatedby float, in a stilling well constructed of sandbags.~~~~~~~~~ ~~ ad~q~a~e~ ~~~~~~~ ~~~~~~ ~~~~ ~~~~~ ~~ dye~ ~~~~~~~~~~~ ~h~~~~~~~~~~~~ ~~~~~~~~ ~~~hod Q~~~ ~~~~~~~~~~~ ~~~~~~~~~~ at ~~~~~~~~ S~~~~~~ and no~~~~~~ m~thod ~~~~~ ~~~~ ~~~~ ~~ ~~~~~~~~~~~~~~~~Because of generally unsatisfactory conditions, several methods wereused for the measurement of storm flow in the Selby Street outfallstructure. These were:a. Velocity determination with current meters at a point 15m(50 ft) above the outfall stru~ture. Not considered toyield reliable data as the meters were immediately fouledwith rags and other debris.~~ Differential head measurements over the ~~~~~~~~~~~~ weirsof the outfall structure. Because of expected interfer¬en~e by tide gates, the theoretical~ head-discharge rela¬tionship for a broad-crested weir of similar shape wasused for comparison purposes only.c. Measurement of surface velocities in the outfall structureby timing the traverse of ~~~~~~~~~ floats across a meas¬ured control section. A fa~tor of 0.64 was applied tosurface velocities to ~onvert to average velocity, thusac~ounting for both horizontal and vertical velocitydistributions.~~ Measurement of vertical velocity profiles in the outfallstructure with an especially designed current meter havinglow velocity sensitivity. This was to establish dischargevalues under low head ~onditions and to check the resultso~ the surface velocity determinations.377 



Water levels in the out~all ~tructure were continuously measured bymeans of a "bubbler" gage. A rat~ng ~urve was developed from the re¬sults of the ~urface velocity determ~nations and the current metermeasurement~ in the outfall stru~ture. A theoretical curv~ co~putedfrom the ~~~~~~~~~~~~ weir formula was approximately 10~ larger thanthis developed curve.Flow determi~ations in the ~~~~~~ Street overflow ~ere made by meas¬uring the depth of flow at the outfall sewer and calculating the dis¬charge by means of the Manning equation. Use of the Manning equationwas said to be justified because the slope of the outfall ~ewer isknown, and a uniform reach extends about 210m (700 ft) upstream fromthe point at which depths of flow were determined.STREAM POLLUTION AND ABATEMENT FROM COMBINED SEWER OVER~LOWS - ~~~~~~~~~OHIOReference (74) ~ontains the results of a detailed ~ngineering investi¬gation and comprehensive technical study to evaluate the ~~~~~~~~~~~~effects from ~ombined sewer overflows on the ~~~~~~~~ River at ~~~~~~~~~Ohio, and to evaluate the benefits, economics and feasibility of alter¬nate plans for pollution abatement from the combined sewer overflows.A year-long detailed sa~pling and laboratory analysis program was con~~ducted on the combined sewer overflows in which the overflows were meas¬ured and sampled at three locations, comprising 64~ of the city~ssewered area, and the river flow was measured and sampled above and be¬low Bucyrus.Dry weather ~~~~~~~~~~ flow measurements were taken of the dischargefrom three ~ewer districts, the influent and effluent of the wastewatertreatment plant, and the Sandusky River at upstream and downstreamgages. A weir was installed i~ each of the three trunk sewers, a90° ~~~~~~~ weir, a 61 cm (24 in.) rectangular weir, a~d a 46 c~~(18 in.) rectangular weir. For two days of the investigation, flows atthe weirs were measured and sampled at ~~~~~~~~~ Intervals for 24 hours.The Sandusky River, upstream and downstream, was measured and sampledat one-hour intervals for 24 hours. Also, the wastewater treatmentplant influent and effluent were sampled at one-hour intervals and flowmea~urements taken from the plan records. No problems with equipmentfor measurement of dry weather flows were indicated.To measure over~low dur~ng rainfall, rectangular weirs were built ateach of three overflow points. The weirs were constructed of one-inchplywood, which was bolted onto (steel) angles imbedded in concrete.The weir plates were 2.4, 4.9, and 3.0 meters (8, 16, and 10 ft) longfor Numbers 8, 17 and 23 overflows, respe~tively.Water level recorders were mounted in instrument shelters 107 cm(42 in.) behind the weirs. The recorders were ~~~~~~~ Type ~ Recorder,Model 68, with a 24 cm (9.6 in.) per day time scale and a 1:2 gage378 



~cale. All recorders were equipped with automatic starters which wouldstart the clock~ at predetermined water levels.A continuous re~ord of flow in the ~~~~~~~~ River above and below~~~~~~~ was obtained for the study period. An existing record~ng gageoperated by the U.S. Geological Survey located at the first bridge be¬low the ~~~~~~~~~~ treatment plant wa~ utilized for downstream flowmeasurements. A new gaging station was installed on the river 91m(300 ft) upstream from the first overflow point of the combined sewersystem. A rating curve for the gage was plotted using standard gagingtechniques. The recorders used at both gaging stations were the~~~~~~~ A35, with 1:6 gage scales. The time scales for the gages were12.2 and 6 cm (4.8 and 2.4 in.) per day, for the upstream and down¬stream gages, respectively.No specifi~ problems with flow measurement equipment were reported.However, a tabulation of overflows indicates that no re~ord was ob¬tai~ed at Numbers 8 and 23 overflows during some periods. Reasons forthi~ loss of record were not given. No check on the accura~y of therecords was made available.ENGINEERING INVESTIGATION OF SEWER OVERFLOW PROBLEM - ~~~~~~~~ ~~~~~~~~Reference (75) reports on the results of investigations of 25~ of~~~~~~~~ Virg~nia~s separate sanitary sewer system, on the amounts ofinf~ltration for various storm Intens~~ies and durations, and on theamounts of sewage overflow from the system.Flows ~n three sanitary se~er Interceptors, and streams draini~g thecorresponding basins, were gaged during storm events to measure infil¬tration and ~~~~~~ quantities and to establi~h their relation to rain¬fa~l intensities and durations. After significant variat~on in dryweather flows was observed, continuous monitoring of flows in the In¬terceptors was ma~ntained. Overflows bypassing the Water PollutionControl Plant were measured during rainfall events.Sharp-crested weirs were used to measure flows in two of the streams.In the third stream, a stage-discharge ~urve was developed from theManning formula using the measured hydrauli~ characteristics of thestream. In two of the interceptor sewers, and in the Water PollutionControl Plant overflow, a stage~discharge curve based on the Mann~ngformula and the measured hydraulic characteristics of the sewer wereused to convert depth measurements to flow estimates. In the thirdinterceptor sewer, dry weather flows were estimated using the Manningformula, but dur~ng rainfall events the sewer became surcharged andoverflow was measured by means of a weir installed in the side of themanhole wall.No problems with use of the ~~~~~~~~~~ measurement dev~ces and ~ethodswere noted. However, accuracy of measurements with use of the Manning379 



formula In the natural stream channel photographed must be cons~deredvery poor. A photograph of one of the weirs used for ~~~~~~~~~~ meas¬urement shows a significant accumulation of trash and de~ris on theweir. ~nder this cond~tion, accura~y must be ~onsidered poor. Hydro-graphs i~dicated that two of the interceptor sewers were surchargedduring many of the storms, and a re~ord of discharge was not obtaineddur~ng those periods.Water levels at the gaging sites were recorded by means of six float-actuated, continuous water-level recorders manufactured by the Instru¬ments Corporation (now a part of ~~~~~~~ Instrument Company), and onepressure type recorder manufactured by the Bristol Company. After thefloat-a~tuated recorder~ were serviced and supplied ~with an expandedtime scale, they performed ~atisfactorily for the duration of the pro¬gram. During dry-weather periods, the bubbler pipe in the Bristol re¬corder collected debris and required frequent cleaning. Because ofthis maintenance problem, it was replaced w~th ~a float-actuated, con¬tinuous water-stage recorder.COMBINED SEWER OVERFLOW ABATEMENT ALTERNATIVES - WASHING~ON, ~~~~Reference (76) reports on a project whose objectives were to~ (a) de¬f~ne the character~stics of urban ~~~~~~ In the subject area; ~~~ in¬vestigate the feasib~lity of h~gh-rate filtration for treatment ofcombined sewer overflow; and ~~~ develop and evaluate alternative meth¬ods of solut~on.Invest~gat~ve act~vities included field monitoring of combined seweroverflow~ at two Bites, and of separated ~~~~~~~~~~ discharges at onesite. The monitoring program was conducted over a per~od of aboutsix months~ April 1 to September 23, 1969.Selection of a satisfactory techn~que for flow measurement presented aproblem. Weirs were not used because backwater elevations would havecaused surcharg~ng and flood~ng at the expected high flow rates.Depth of flow measurements with the use of a steady state empiricalequation such as the Manning equation for calculating flow was not usedbecause flow conditions were not steady state dur~ng per~ods of stormrunoff. The method ~elected was use of lithium chloride as a tracerin a procedure s~milar to that of the salt dilution method (continuou~~injection type). Use of a lithium salt is said to Improve the techn~¬que because the background of lithiu~ in ~~~~~~~~~~ is usually low, andbecause lithium conce~trations at fractional parts per mill~on levelscan be accurately and conven~ently determ~ned by atom~c absorption orflame emission ~~~~~~~~~~~~~ The ~~~~~~~~~~ method was used as a check.A number of di~ficulties experienced in use of the equipment resultedin loss of flow record during several major ~torms. Greatest trouble380 



was in clogg~~g or damage to the submersible pump used to ~ollect sam¬ples of ~~~~~~~~~~ required for measur~ng lithium chloride concentra¬tion. Flooding of one of the lithium chloride release stations ~auseddamage to the bubbler instruments used to measure water stage~ to thelithium chloride release system~ and to other equipment.Flow rate est~mates based on ~~~~~~~~~~~~~ measurements and the Manningformula were compared with results of the tracer method. Only a verygeneral correlat~on with significant spread resulted. Large differ¬ences in flow were attributed to inaccurate measurement of depth offlow and the assumption of ~teady-state conditions inherent in Man¬ning~s formula.URBAN ~~~~~~ CHARACTERISTICSReference (77) is an interim report on i~ve~tigations for the refine¬ment of the ~omprehensive ~~~ Storm Water Management Model.~~~~~~~~~~ ~~~~~~~~~~~ on th~~ ~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~ data~ on ~m-~~ ~~~~~~~~~ and ~~~~~~ ha~e~ ~~~~~ ~~~~~~~~~~ ~~~~ a~ on~~ ye~a~ ~~~~~ ~~ a~~~~~~~~~~~~ ~~~~ ~~~~~~~~~ o~~ app~~~~~~a~e~~y 23SO ~~~~~ ~~n ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~ ~~~~~~ da~a ~~ ~~~~~~~~ to continue~ ~~~~ a~ ~~~~~~~~~~ pe~iod~~~Flows at three sites in the sewer watershed were monitored. At two ofthe sites, flow was actually measured in two tributary sewers immedi¬a~ely ups~ream from their junction. The third s~~e was at the outletof the watershed; thu~, five sets of flow measuring equipment wereused."The~ ~~~~~ ~~~~~~~~~~ ~~ppa~~~~~~~ ~~~~~~~~~~ ~~ a~ ~~~~~~~~~~~~~ a~ ~~~~~~~~~~~~and a ~~~~~o~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~ ~~~~~~~~~~ ~~~~~~~ by ~~~~~-~~~~~~ th~~ p~~~~~~~~~~ due to the~ d~~p~~ and ~~~~~~~~~ ~~ ~~~~~ ~~~~~~~~ ~~~~~th~~ ~~p~ by bubb~~ng ~~~~ th~ugh a ~on~ t~be~ ~~~~~~~~ ~~~~to the~ ~~~~~~~~T~~~ gage~ ~~~~~~~~~~ ~~~~ at a ~~~~~~~~ ~~~~~~~ ay~d a~ th~~ de~pt~ and the~~~~~~~~~~ ~~ ~~~~ ~~~~~~~~~ the~ ~~~~~~~ ~~~~~~~~~~~ ~~~ ~~~~~~~~~~~~ on a~~~~~~~~ ~~~~~~~ ~~n ~n~~he~ ~~ ~~~~~~ ~~~ ~~~~~~~~~ d~~~e~~~~~~a~ ~L~ ~~~~~~~~~~ the~ ~~~~~~~~~~ ~~~~~~ ~~~~~h ~~~ ~~~~~~ to the~ ~~~ ~~ the~ ~~~~~~~~~~~~~~~ [de~pth ~~ ~~o~ ~~ and the~ ~~~~~~~~~~ ~~~~~ ~~ ~~g). To obtain ~~~~~~~~ the~ ~~~~~~~~~~ ~~o~~e~pond~~g to the~ ~e~~~~~e~d ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ e~q~~a~~~n ~~~ ~~~~~ ~~e~d to ~~~~~ the~ depth and the~ ve~oci~y~~~ ~~~~ a~ ~~~~~~~~~ ~~ the~ ~~~~~~~~~ge~ and the~ ~~~~~~~~~~ ~~~~~~ ~~ the~~~~~~~~~ ~~~ 4e~c~~~~on~."~hus~ curves have been calculated re~at~ng the mea~ured specific energyand the corresponding discharge at the five measured locations.381 



Apparently, the value of slope used in the Manning formula was that ofthe sewer line at each of the five measuring sites. A photograph inthe report shows a heavy, metal, top-hanging gate at the outlet of thesewer watershed. The outlet flow ~onitoring s~te is de~~ribed as about6m (20 ft) upstream from this gate. If th~s is the case, flow past thesite probably would not be uniform, and the Manning formula would notbe applicable.Flows in the two pairs of sewers just upstream from their junction w~ththe two sewers to be monitored would be controlled by the slopes ofeach of the two monitored sewers rather than the slopes of the fourtributary sewers ~~mmed ~ately upstream, which were the slopes in theManning formula to compute flow. In any case, water surface slope ismore properly used with the Manning formula than is the sewer slope.Plotting o~ storm ~~~~~~~~~~~ for the measured sites disclo~es a numberof serious in~on~istencies in the data.~~~~~ AND COMBINED SEWER POLLUTION SOURCES AND ABATEMENT - ATLANTA ~~GEORGIAReference (78) reports on a study of six urban drainage ba~in~ ~ithi~~the C~ty of Atlanta, Georgia~ served by combined and separate sewers,to determine the ~~~~~~ pollution sources during storm events. Rain¬fall frequen~y analysis and simulation techniques were utilized to ob¬tain design criter~a for alternative pollution abatement schemes.Measurements of flow were ~ade of three major overflows, as well as ofthe interceptor sewers originating at these points of overflow. Threebran~hes of South River were measured, as was the South River mainstream at four po~nts. A bypass at the Interceptor entering one of the~~~~~~~~~~ treatment plants was measured.Data were ~olle~ted from January 1969 until April 1970. Continuousflow monitoring was maintained at the river and its tributary ~tations,and in the interceptors where dry weather flow ~haracteristics were ofinterest. Event monitoring only was conducted of overflows and of thebypass to the treatment plant.Rating ~urves for all gaging stations were developed by ~tage-di~chargemeasurement~ with current meters. Either Price Type ~~ or Pigmy Typecurrent meters were used. Some dis~harge measurements w~re verifiedby alternate method~ or formulas, but re~ult~ of the~e verificationsare not given.~~~~~~~ Type ~ water level re~orders were used throughout. Gaging sta¬tion~ were reported to be co~structed ~~ accordance with establishedU.S. Geological Survey practice. For flow level recording at intercep¬tors, scow floats were in~talled at manholes a ~hort distance downstreamfrom regulators.382 



Although probable ac~uracy of the records collected was not reported,an indication of their accuracy is available, based on one of the gag¬ing stations in the project which was operated by the U.S. GeologicalSurvey. This station, having a drainage area of 3.86 ~~ km (1,49 ~~~mi), had been operated ~ince October ~963, or for more than six years,The ~reatest flow measured by ~urrent meter during the period was5947 ~~~ (210 ~~~~~ but the rating ~urve was extended to 23,220 ~~~~(820 cfs) by computation of flow through a culvert. Records at thestation are stated by the ~~~~ as poor, w~th no qualification.~~~~~~~~~~ PROBLEMS AND CONTROL IN SANITARY SEWERS - OAKLAND ANDBERKELEY, CALIF.Reference (79) describes an engineering Investigation conducted on~~~~~~~~~~ infiltration into sanitary sewers and associated problems inthe East Bay Municipal Utility District, Special District No. 1. withassistance from the cities of Oakland and Berkeley, California. Rain¬fall and sewer flow data were obtained in selected study sub-areas thatcharacterized the land used patterns predominant in the study area.Results obtained were extrapolated over large areas.~~~~~~~~~~~~~ flumes were installed at three of the ten metering sta~~tions established specifically for the study. These flumes were con~~structed of stainless steel and were designed to fit the respectivesizes and shapes of the sewers. They were mounted in the outlet sew~rfrom the manholes so ~hat head measurements could be made at the properdistances upstream from the throats. Wooden channel extensions throughthe manholes were installed to prevent water spreading out in the manholeas depth in the sewer increased.At seven of the new metering stations, ~~~~~~~~~~ ~~~~~~~ weirs wereinstalled. These were constructed of marine plywood and covered foradditional water resistance with two coats of ~~~~~~~~~~~~ finish.For ease of installation, a channel closure was provided so that itcould be easily slipped down into the flowing sewage and quickly bolted~n position after installing and sealing the actual weir plate.~~~~~~~ type 2A35 water stage recorders were used at three weir loca¬tions where submergence of the weir was anticipated. These recorder~~were sele~ted for the ability to record two liquid levels simultaneously,upstream and downstream from the weir.~~~~~~ pressure recorders were installed at the other ~even new meter¬ing stations. With these recorders, liquid level sens~ng consists ofmeasuring the back pressure from a continuously purging nitrogen gasbubble system.383 



In several cases, equipment was installed in ~anholes near the centersof streets~ thus complicating the installation and use of equipment.Ot~erwise, no problems were noted w~th the use o~ the equipment at thenewly established stations.The flow rate at two pumping stations was determined by ~eans of asystem~head ~urve for the station which gives the discharge rate foreach pump or combination of pumps. A recording ammeter was atta~hed tothe pump ele~trical leads to indi~ate the total number of pumps runningat any given time. Relief overflow at one of these pumping stationswas measured by means of a broad-crested weir and a wet-well liquidlevel recorder.A th~rd pumping station was equipped with both a wet-well liquid levelrecorder and a flow recorder. The primary device for the flow recorderwas a ~~~~~~~ f~ow tube mounted on the discharge manifold of the pumps.The influent pumping station at the water pollution control plant wasequipped with individual ~~~~~~~~~~ on each pump discharge which wereconnected to a combined flow recorder. The primary devices for theflow recorder were the di~charge weirs in the grit chambers which re¬flect the re~pective pu~p discharge rates.A pumping station relief overflow structure was provided with a flowmeasuring device for measuring the volume of water that overflowed.The ~flow measuring arrangement consisted of measuring the liquid levelson both sides of a rectangular tide gate and extracting the flows fromthe manufacturers rating curve. Because of difficulties in installa¬tion and operation, no usable flow measurements were obtained duringperiods of overflow.DISPATCHING SYSTEM FOR CONTROL OF COMBINED SEWER LOSSESReference (80) describes a regulator control system which is said todemonstrate impressive reductions in combined sewer overflow pollutionof the Mis~i~~ippi River in Minneapolis and Saint Paul.A mathematical model has been prepared th~t will, using rain gage data~or inputs, (a) perform rainfall ~~~~~~ analysis; ~~~ divert combinedsewer runo~f ~~~~~~~~~~~ at the regulators; and ~~~ route the diverted~~~~~~~~~~~ through the interceptor sy~tem. This model will a~~i~t inoperation of the system to retain combined sewer flows and utilize themaximum flow capacity of the existing interceptor sewer system.The project includes a ~omputer-ba~ed data acqu~~ition and control sys¬tem that permits remote control of modified combined sewer regulators.Data from rain gages, regulator control devices, trunk sewers and in¬terceptors, and river quality monitors provide real-time operatinginformation.384 



Hater surface elevat~ons in the system were monitored at about48 point~ by the installation of bubbler gages employing a pressure-carrying tube installed in the sewer, an air-supply cylinder, a bub¬bler, a pre~sure transducer, and a telemetry unit for transmitting datato a central location. This equipment provided information on the fre¬quency and duration of overflows. Because flo~ rate was not measured~~data on the volume of overflows were not thus determined.Flow in each of the three Minneapolis interceptors at the~~~~~~~~~~~~~~~ Paul city ~~~~~ was ~~~~~~~ by dual ~~~~~~~ meters ineach interceptor. This equipment, which was in use prior to the sub¬ject ~tudy, provides information on the effectiveness of the program touse the interceptors for temporary storage of combined sewage. Flowdata in the interceptors served to provide a check on the accuracy ofrainfall ~~~~~~ modeling. Probable error of flow measuremen~ by the~~~~~~~~~~~~~~ was not discu~sed.~~~~~~~~~~~~~~~ EVALUATION OF COMBINED SEWAGE DETENTION FACILITIESReference (81) presents the result of a lengthy study of combined sewerflows in ~~~~~~~~~~~~ New Hampshire prior to construction of detentionfa~ilities. ~~~ ~~~~~~ to ~~~~ ~~~~~~~~~~ ~~~~~~~~~~~ and ~~~~~~~b~~ ~~~~~~~~~~~~~~~~ it ~~~ ~~~~~a~~~ to ~~~~~~~~ a~ ~~~~~~~~ ~~ th~~ ~~~~~~ ~~~~a~ ~~~~~ ~~t ~~~~~~ ~no~gh to ~~~~~~~~~ a ~~~~~ amo~nt ~~ ~~~~~~~ b~~~~~d t~~~~~~~~~ This weir pit was 1.8 ~ 1.8 ~ 7.5m (6x6x24.75 ft), and the weirwas located 5.6m (18.33 ft) from the inlet.Three different 0,63 cm (1/4 in.) thick steel plate rectangular weirswith crest lengths of 0.3, 1.2, and 1.7m (1, 4, and 5.6 ft) were used,the 1.2m (4 ft) one being employed for all but three months of theyear-long study. The design was such that the different weirs could bechanged easily in several mi~utes. The main difference in the 1.2m(4 ft) weir was that its ~rest was elevated 1.2m (4 ft) above the floorof the weir pit as opposed to 0.76m (2.5 ft) for the other two. Thisweir was constructed after initial operation with the 0.3 and 1.7m(1 and 5.6 ft) weirs, and "observation of high flow rates using the5.6~ weir indicated that it was desirable to increase the stilling inthe weir pit by rais~~g the crest height."~~~~~~ ~~~~~~~~~~~~ ~~~~~ the~ 12" and 5.6~ ~~~~~~ ~~~~~ m~de~ ~~~~~ an ~~~~~ope~~ted ~~~~~~~~ and ~~~~~~ ~~~~~~~~~~ A ~~~~~ ~~~~~~~~ ~~~~~~~~~~~ and~~~~~~~~~~~ ~~~~~~~~~~~~~ by th~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ~~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ~~~ ~~~~~ ~~O~~ ~~~~ ~~~~~~~~~~~~~ ~~~~ t~e~ ~~ ~~~~~~Bot~ ~~~~~~~~~~ ~~~~~~ ~~~ up to ~~ ~~ ~ ~~~~~~ ~~~ ~~~~~~~~~ ~~~~~~~ T~~~~~~~~~~~~~ and ~~~~~~~ ~~~~~~~~ ~~~~~~~ had a~ ~~~~g~ ~~ 0 to ~0 ~~~~~~~~ ~~~~~~~~~~ and the~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ~~~a~~~ had a ~~~~~~ ~~ 0 to30 ~~~~~~~~~385 



~~~~~~ ~nto ~~~~~ ~~~~~ ~~~~ ~~~~ ~~~~~ ~~~~~~ ~~~~~ ~~~~~~~~~~~~~~ ~~~~~ ~~~~~~~~ ~~~~the~ ~~~~ p~t. T~~~ c~u~ed th~~ ~~~~ A~~~~o~d~A~ to ~~~~~ oat ~~~~ ~~a~~~~A~~~e~~~ ~~n ~~~~~ ~~~~~~~~~ ~~A~~~~~~ ~~~~~~ o~S a~ ~~o~~~~ Line~~ T~~~~ ~~o~-~~~~~~ ~~~ ~~~~~~~~~~~~ ~~ m~~~~h a~ ~~~~~~~~ b~ the~ addition ~~ the~ 4~ ~~~~~~hich had a ~~~~~ ~8" ~~~~~~ than the~ 72" and 5.6~ ~~~~~~~~ The~ addeddepth o~ ~~~~~ ~~ ~~~ ~~~~~ ~~~ te~~d~d to ~e~p the~ ~~~~~~~~~~~~~~ at~ a~~~~~~~~~~~~~~~~ ~~~~~~~~ behind the~ ~~~~ did ~~~~ appea~ to ~~~~~~ the~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ the~ ~~~~~~ ~~~~~~~~ ~~~~~ any ~a~p~~~~g p~~~g~~~~~~~~~~~~ ~~~~~~~~~~~~ the~ ~~~~~~~ ~~~~~~~~ ~~a~ ~~~~~~ ~~~~~~~~ ~~ b~hindthe~ W~~~~ ~~n ~~~~~ to obta~n ~~~~~~~~~ che~~ca~ and ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~ th~~ ~omb~n~d ~e~~~e~ ~~~~~ ~~~~ ~~~~~~ ~~~dge~ ~~~~~~~~~~o~~d ~~~~~ w~thin a ~~o~p~e~ ~~ da~~ ~~~~~~ the~ ~~~~~~~~~~~ ~~ a~ ~~~~~~The~ ~~~~~~~~ ~~ ~~~~~~~ ~~n ~~~ ~omb~ned ~~~~~~~~ ~~~~ ~~o~~~~ted ~~ ~~~~~~ith a~ ~~~~~ ~~~~~~~~~~~~~ ~~ o~ga~ic~ ~~~~~~~~Head measurements were "... co~verted to flows using appropr~ate for¬mulae for the re~tangular we~rs used in the weir pit." By this it isa~sumed that the Kind~~~~~~~Carter equation was used rather than theFrancis formula~ which would require corrections for both less thanstandard contraction and velocity of approach much of the time. Forexa~ple, at the maximum head of 0~6~~ (2 ft) on the 1.2m (4 ft) weir(any greater head would over~low the 1.8m deep weir pit) the ~~~~~~~~~~~~~~~~~~ equation indi~ates a discharge of around 91 ~~~ (24 ~~~~~ whereas~~~~ ~~~~~~~~~~~ Francis formula yields approximately 83 MLD (22 MGD)~ a10~ di~ference~ The maximum discharge for the 1.7m (5.6 ft), as com~~puted assumi~g the recorder~s full 51 cm (20 in.) of head was used, isapprox~mately 98 MLD (26 MGD)~ Maximum flow rate~ recorded with the1.2m (4 ft) weir of from 99 to 148 MLD (26.2 to 39.0 MGD) are reportedbut not explained. It is possible that the 148 MLD (39.0 MGD) dis¬charge was estimated but not so indicated. The point is that high ac¬curacies should not necessarily be expected with the given in~tallationat the higher flow rates.~RBAN STORM ~~~~~~ AND COMBINED SEWER OVERFLOW POLLUTIO~ - SACRAMENTO,CALIFORNIAReference (82) contains the results of a program to develop a generalmethod for determining the extent of pollution resulting from storm-water ~~~~~~ and combined ~ewer overflows occurr~~g in an urban area,and the application of this method to the City of Sacra~ento, California.Combined sewage and ~~~~~~~~~~ in the system were ~haracterized by col¬lecting samples and measuring flows at each of 19 sampling location~~during six wet weather periods. The intention was to ~ollect, as nearlyas practical, at the commencement of rainfall, three hours thereafter~~and approximately 12 to 18 hours after the com~encement o~ sampling.386 



However~ comparison with rainfall re~ords indicates that the ~irst dataof ~a~h storm period were not co~lected until the time of maximum rain¬fall intensity, or later.The ~~~~~~~~~~ flows were established at ma~hole sampling stations byuse of the Manning formula. The coeffi~ient of roughness was assumedto be 0.013, a de~ign value used by the City of Sa~ramento EngineeringDepartment. The value of ~ used was the measured ~lope of either thewater surfa~e or the invert. Because of difficultie~ ~n making therequired measurements for deter~ination of slope, flow data at three ofthe ~~~~~~~~~~ ~~~~~~ sites are not considered to be reliable. None ofthe ~omputed wastewater flows at manhole sa~pling stations were checkedby mean~ of flow measurement equipment.For design purposes, the peak ~~~~~~~~~~ runoff flow in each of the in¬dividual pipes comprising the Sacramento collection and conveyance sys¬tem was estimated from rainfall re~ords by use of the rational method.These estimated flows for a full pipe ~ondition can be checked at threelo~ations with computed flows at the manhole sampling station~. Theydiffer w~th the computed flows by -6, +4, and -32 percent. This agree¬ment i~ ex~eptional, particularly a~ these are the three locations wherethe computed flows are not considered to be reliable.STORAGE AND T~EATMENT OF COMBINED SEWER OVERFLOWSReference (83) describes a project to demonstrate the feasibility andeconomic effectiveness of a combined wastewater overflow detention basin."A ~~~~~~ ~~p~~~~ ~~~~~~~~~~ ~~~~~ ~~~~~ a~ ~~~~~~~~ vo~u~e~ ~~ 8~66 ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ at ~~~~~~~~ ~~~~~~ ~~~~~~~~~~ to ~~~~~~~~~ ~~~~~~~~ ~~~~~~ a~~~~~~~~~~~~ combined ~~~e~~ ~~~~~~~~ ~nc~uding ~~~~ ~~ th~~ ~~~~~~~~~ ~~~~~~~~~~ d~~-~~~~~~~~~~ The~ ~~~~~~ ~~~~~ ~~~~~~~ ~~ that the~ ~~~~~~~d ~~~~~~~~~~ ~~~~~~~ ~~o~~dbe~ pumped to the~ ~~~~~~~~~~ t~~atment ~~~~~ ~~~~~ ~~~~~~~~~~~~ ~~~~~d~~d~~~~~~~~ 7969, d~e~ to ~~~~ ~~~~~~~~ the~ po~d ~~~~~~~~~~~~ on~y ~~~~~~ ~~~~~~~~~~g~~~ but ~~~~~~~~~ ~~~~~~~ ~~~~~~~ and ~~~~~~ to the~ ~~~~~ occ~uA~~~~.~~~~~~~ 7970, ~~~~~~ ~~~~~ 46 ~~~~~~~~~ and the~ pond ~~~~~~ ~~c~, ~~~~~~~~~~~~~~ to the~ ~~~~~~~ ~~~~ the~ ~~~ ~~~~ ~~~~~~~ 37.75 ~~~~~~ g~~~~n~~~~ ~~~~~~~~ ~~~~~~ (93.7 ~~~~~~~~ ~~ the~ ~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~ ~~~~~~~ithhe~d ~~~ the~ ~~~~e~ ~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~~~Overflow from the combined sewer area to the detention bas~n was meas¬ured by a ~~~~~~~~~~~~~ flume installed in a 198 cm (78 in.) reinforced~oncrete pipe. The flume was designed as outlined by ~~~~~~ and ~~~~~~~(33). It was fabricated of steel, and installed in the concrete pipeas it was laid. Space between the flume and pipe was grouted.A ~~~~~~~ Type A35 water-level recorder with a scow float was installedin the pipe to measure head on the flume. The chart t~me scale was73.2 cm (28.8 in.) per day and the gage scale was 1:6. The volume d~s¬charged into the pond was computed from the recorded head on the ~lume387 



and a rating curve for the flume, wh~ch was approximated ~n four linearsection~. Discharges indicated by rainfalls on eleven different oc~a¬sions were missed due to the recorder being out of order. Thus, elevenpercent of the ~~~~~~ events were missed.Overflow fro~ the ~pond to the river was measured by a 6.7m (22 ft) lo~gsharp crested weir located in the overflow stru~ture. The weir head wasmeasured by a ~~~~~~~ Type A35 water-level recorder with a ~ylindri~alfloat~~ The chart time scale was 24.4 cm (9.6 in.) per day and the gagescale was 1:6. The recorder was out of order during one of the threeoverflow events which occurred during the period of project operation.Flows to the ~~~~~~~~~~ treatment plant~were measured by a meter in theplant which was not described. Apparently, this record is complete.A THERMAL WAVE ~~~~~~~~~ ~OR MEASURING COMBINED SEWER FLOWSReference (64) is a final report for a project to study the applicationof thermal tech~iques to the ~ea~urement of flow rates in combined ~ev¬ers. The volume ~low rate was to be computed as the product of averageflow velo~ity in the sewer, and cross-sectional area of flow as deter¬mined from a stage measurement.The use of flush~mounted hot wire or hot ~ilm anemometers in a directreading mode for ~easurement of average flow velocity was extensivelyinvestigated. It wa~ concluded that application of hot film ~~~~~~~~~~~techniques to commercial application of measuring sewer effluent for ex¬tended periods of time was not feasible. Major reasons for this con¬clusion are: (a) changes in calibration occur due to contaminationfilm build-up; ~~~ breakdown of protective coatings over long periods oftime; ~~~ change in calibration that occurs due to dissolved gasescoming out of solution and depositing on the film element as bubbles;and ~~~ the physical vulnerability of available probe configurationscombined with the difficulty of continuously measuring average velocity.The thermal wave flow measurement system as developed incorporates fivethermal sensors mounted on the inside periphery of the pipe. Measure¬ment of the average flow velocity in the pipe is obtained by averagingthe longitudinal propagation velocities of the five thermal waves gener¬ated at the five symmetric peripheral position~. Tests of a prototypeunit indicated that this configuration does not provide signals whichhave adequate pre~ision to measure fluid flow with the desired ac~uracy.The dissipation of heat was determined to be quite large, as was theratio of the average stream velocity to the apparent boundary layervelocity.The stage measuring ~ystem utilize~ a~ electronic liquid level gagewhich consist~ of two solid rods formed to fit the inside curvature ofthe sewer pipe. One rod is driven by an electrical signal, and theother rod act~ as a variable tap whose output varies as a function of388 



water level. The Instrument is capable of a~curac~es better than 1 per¬~ent of full scale. This Is a commercially available system manufac¬tured by Marsh and ~~~~~~~~ Inc.~~~~~~~~~~ FLOW MEASUREMENT IN SEWERS USING ULTRASOUNDReferen~e (84) describes the use ~f newly developed ultrasonic velocitymeasurement equipment in conjunction with ultrasoni~ level measurementequipment for the measurement of ~ewage flow."Each o~~ two e~~~~~~~g [comb~ne~~ 4~~~~~~ ~~n the~ ~~~~~~~~~~ ~~~~~~~~~~~~~~Se~e~age~ ~~~~~~ on~~ 72-7/2 ~~ and~ the~ ~~~~~ 5 ~~~ ~~~~ ~~~~~~~~~~ ~~~~~~~~s~~~ ~qu~ppe~ ~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~ ~~ an ~~~~~~~~~~~~~ amo~nt~~ ~~~~~~~~~~~ ~~~~ at the~ 72-7/2 ~t diame~e~ ~~~~ ~~~~~~ ~~~~~~~~~~~~~~ t~e~~~~~~~~~~~~~ ~~ that ~~u~pm~nt to a ~~~~~~ ~~~~~~~~~~ ~ocation ~~~~~~~~ ~~~a ~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~ ~~~~~~~~~~~~~ ~~ th~~ ~~~~~~~~~~~~~ ~~~~~~ ~~~~~~~~~~~~~~ ~ith ~~~~~ ~~~~~~~~ ~~~~~~~~~ at ~~~ ~~ the~ ~~~~a~~o~~~ ~~~~-~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~ vo~u~~~ ~~~~~ ~~~~~ ~~~~~~~ and ave~age~ ~~~~~~-~~~ ~~~~~ ~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~d~ ~~ th~~ ~~~~~ ~~~~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~ A ~~o~~~~~~~~~~~ ~~~~~~~~~~ ~~ ~~~~ ~~a~ ~~~~~~~~ and ~~~~~~~~~~~~~~Th~~ ~~~~ ~~~~~~~~~~~~ ~~~~ the~ ~~~~~~ d~a~~~~~~~ ~~~~~ ~~~~ ~~~~~~~~~ ~~~~ a~ p~~~~~~~~ ~~ 7~ ~o~~~~ w~thout ~~~~~~ and ~a~ ~~~~~~~~ ~~~~ ~~~~~~~~ main¬t~nance~~ ~~~~~~~~~ the~ ~~~~~~~~~~ ~~~~ ~~~~~~~~~~~~ at the~ ~~~~~~ ~~~~~~~~~~~ ~~~~~~ ~~~~~ ~~~ ~~~~~~~~~ w~thout ~~~~~~~~ ~~~~~~~ ~~~ ~~~~~~~~~~ ~o~~~~~~~~~~~~~~ ~~ the~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~ p~~b~~ ~a~ be~e~ ~~~~~~~~~~ todate~ ~~~~~~~~~~~ ~~~~~ ~~~~~~~~~~~~ ~~~~ ~~~ ~in the~ ~~~~~ ~~~~~~~~~~~~ The~~e~~e~~~~~~o~~~~ ~~ the~ ~~~~~~~~~~~ ~~~~~~~~~ ~~~~~~~~ ~~it ~~~~~ ~od~~e~d to~inc~ude~ ~~~~~ ~~~~~~~~~~~~ automatic~ gain ~~o~~~o~~ and automatic~ ~~~~~~~~~~~~~~~~ to minimize~ the~ ~~~~~~~~~ ~~ ~a~iation!) ~~~ the~ ~o~~d~ ~~~~~~~~~Further observations con~erning u~e of the ultrasonic equipment are asfollows~a. Similar equipment has been used in Japan to successfullymeasure full pipe flow of retur~ sludge with high solidsloadings. For pract~cal line diameters, say from 0.2 to5m (0.5 to 16 ft), no operational li~itations due to sus~~pended solids would be expected,~~ Entrained air bubbles were found to cause operationalproblems because of dissipation of the ultrasonic pulsedue to scattering by the bubbles. Therefore, it isrecommended that measurement sites be selected which arereasonably free of severe upstream agitation which wouldcause air ~~~~~~~~~~~~~~ Diffi~ulties with level gage performance resulted fromstanding r~pples in the sewage surface which interferedwith e~ho returns. This was alleviated by moving thelevel sensor a few feet to a point where the sewage sur¬fa~e was more still.389 



~~ Comparative figure~ of flow as measured by the ultrasonicequipment with those measured by other metering devicesare not given for the demonstration sites described.~~ Total system cost for ea~h site was about $15,000. Fu¬ture simplifications o~ the ultrasonic circuitry madepossible through more extensive use of integrated cir¬cuits have the prom~se of reducing this system cost bya factor of two or three.BIOLOGICAL TREATMENT OF COMBINED SEWER OVERFLOW AT ~~~~~~~~ WISCONSINRe~erence (85) de~cribes the design, construction, operation and twoyear evaluation of a biological proce~s used ~or the treatment of po¬tential combined sewer overflow. A 76 ~~~ (20 ~~~~ modified contactstabilization process plant was constructed on the ground~ of the city*sexisting 87 MLD (23 MGD) conventional activated ~ludge plant at a totalcost of 1.1 million dollars.~~~~~~~ ~970 ~hi~e~ de~ign and ~~~~~~~~~~~~~~~ ~~ ~~e~ de~on~t~ation ~~~-~~~ ~~~~~~~~~~ ~a~ ~~~~~~~~~ ~~ ~~~~~~~ to ~~~~~~~~~~~~ the~ ~~~~~~ ~~~~d~e~ ~ombined ~~~~~~ ~~~~~~~~~ ~~n ~~~~~~~ ~a~ ~~~~~~~ out~~ T~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~ ~~~~~~~~~ comb~n~d ~~~~ ~~~~~~~~~ quanti~y and qua~i~y~~and in~ent ~~~~~~ ~o ~h~~ ~~~~~ ~~~~~~ po~~ution ~ont~o~ ~~~~~~ du~i~g~~~~~~~~~~~~~Flow measurement equipment was in~talled in the out~all lines of threeoverflows, known as the 57th Street, 59th Street, and 67th Street over¬flows. Depth recorders installed were operated on a differential pres¬sure basis.~~~~~~ n~t~ogen Q~~~ ~~~ ~~~~~~~~~~~~~ ~~~~ ~ub~n~ ~~~~~k ~~~~n ~~~~~~~~~ ~~~~~~~~~o~~d~~~ a~d the~ bottom ~~ the~ ~~~~~~~~~ ~~~~~~~ ~~ the~ ~~~~ ~~~~~~~ ~~~the~ ~~~~ ~~¥~~~~~~d~ the~ ~~~~~~~ ~~~~~~~~~ ~~~ the~ e~d ~~ the~ tub~ngi~ the~ ~~~~~~ ~~~ de~~A~e~~~e~d~ ~~~~~~~~~~~~~ to the~ de~p~~ ~~ ~~~~, c~~~ngthe~ ~~~~~~~~~~ within the~ ~~ube~ to ~~~~~~~~~~~~ ~~~~ ~~~~~~~~~ ~~ ~~~~~~~~~~~a~ ~~~~~~~~~~~ to de~th ~~~~~~~~~ and ~e~~~o~d~d on a ~~~~~~~~~~ ~~~~~~~ The~~~~~a~~~~ ~a~ div~d~d ~nto 24 ~~~~~~ ~~~~~~~~~ and ~~~~~~~~ by an ~ da~ ~~~~~~.~Depth-discharge relationships were developed for the three overflowlines by means of dye test~. However, no details of the test pro~e¬dures were given.As a result of an unsuccessful attempt to correlate rainfall volumeswith overflow volumes, it was disclosed that the overflow measuringdevices were of questionable accuracy. In some cases, the volume ofoverflow measured exceeded the volume of ra~nfall over the combinedsewer area. Apparently, the depth-discharge relat~onships were notaccurate and so the overflow data were not used.390 



Measuring ~ites at the 57th Street and 59th Street overflows were aban¬doned in 1972. The depth recorder at the 67th Street site was movedupstream above the weir d~verting flow to the interceptor sewer. Theend of the bubble tube was placed ju~t upstream from the overflowmechanism, and a formula for broad-crested weirs was used to convertlevel over the weir into flow rate~ and volumes. Flows computed inthis manner were used to estimate the total volume of overflow to thedemon~tration treatment plant.FLOW AUGMENTING EFFECTS OF ADDITIVES ON OPEN CHANNEL FLOWSReferenc~ (86) describes some laboratory experiments condu~ted to studythe effe~ts of polymer additives on open channel flows. Two sheetsteel channels 18m (60 ft) long and painted ~nitially with ~~~~~ paint(n~0.009) and later with a sand and paint mixture ~~~~~~~~~ were usedin the tests. One channel was rectangular with a bottom width of 15 ~m(6 in.) and a side length of 15.2 ~m (6 in.) while the other was trape¬zoidal with a bottom width of 12.7 cm (5 in~~~ a 60° interior angle,and a side length of 15.2 cm (6 in~~~ Slope~ could be adjusted to 0,1, 2, 3, and 4~.A series of tests was conducted to determine the effects of a polymeradditive on four types of flow measurement devices. A ~~~~~~~~ flume,90~ ~~~~~~~ weir, and suppressed rectangular weir ~ere adapted ~o thesmooth-wall rectangular channel and tested at a 1% slope, while a~~~~~~~~~~~~~ flume and a 90° V-notch weir were tested in the ~mooth-wall trapezoidal channel at a 2~ slope. No sizes are given for any ofthe flow ~easurement devices, nor can they be estimated from a photo¬graph in the report except to note that the crest height of the ~~~~~~~~~~~~~ weir is low (perhaps 20% or less of the channel depth) as isthat of the V-notch weir for use in the trapezoidal channel. Con¬versely, the V-notch in the weir used in the rectangular channel appearsto "run out" at the top of the channel.The general procedure followed was to calibrate each device in placeusing tap water, and then to inject the polymer to yield a predeter¬mined concentration and develop a new calibration curve. Head wasmeasured using a pointer gage "usually at the inlet to the device".A stop watch, ~~~ (5 gal) bucket~ and scale were used to determineflow rates under 570 ~~/~ (150 ~~~~ (where most of the data were taken)~~while an orifice meter was used for higher flow rates.Calibration of all devices was affected by the addition of polymers.The Parshall flume was least affected, while the V~notch weir suffereda greater calibration curve shift ~~~~~~ discharge could be understatedby over 50~ of all but the lower flows)~ The Leopold-Lagco flume andthe rectangular weir ceased to be effected as flow measurement devicesabove a transition flow rate. The data are inconclusive, but indicatet~at polymer add~tives can affect primary flow measuring dev~ces andpoint out the need for careful research in this area.391 



SURGE FACILITY FOR WET AND DRY WEATHER FLOW CONTROLReference (87) represent~ the culm~nation of a 3-year demonstrationproject which encompassed the design, con~truction, operation, testingand evaluation of a surge fa~ility desig~ed to provide flow equaliza¬tion and ~ome degree of treatment to all storm flows and to providerate control of all wet weather and dry weather ~~~~~~~~~~ flows tointerceptor sewers.The principal elements of the facility are a sedimentation-equalizationbasi~, a ~~~~~~~~~~ a storage pond, a chlorine contact basin, and asludge digester. Flow and hydraulic ~easurements include: (a) influ¬ent to the sedimentation-equalization basin; ~~~ underflow from thesedimentation-equalization basin to the clarifier and the storage pond;~~~ overflow from the sedimentation-equalization basin directly to thestorage pond; ~~~ water surface elevation of the sedimentation-equalization basin; and ~~~ effluent to the chlorine contact basin andthe receiving strea~.The influent metering structure is a ~~~~~~~~ flume with a 0,30m (1 ft)throat width having a maximum capacity of approxima~ely 30 MLD (8 ~~~~~~The influent flow transmitter to the control building can be used tocontrol a flow proportional sampler of t~e influent.Underflow from the ~edimentation-equalization basi~ is measured with a15/2 cm (6 in.) magnetic ~~~~~~~~~~ The underflow ~an be set at anydesired rate up to 8.7 ~~~ (2.3 MGD).Overflows from the basin are measured by four sharp-crested rectan~ularweirs, totaling 2.54m (100 in~~~ Head on the weirs, and the water sur¬face fluctuations in the sedimentation-equalization basin, are monitoredwith a ~~~~~~~ Type ~ water-stage recorder. Time gears were selected togive an 8-day chart, and stage gears were selected to give an indicationof 0.06~/~~ (0.5 ft/in.) of chart or 0.012m/c~ (0.1 ft/in.) of chart,depending on the depth variation expected during any particular testingperiod.Effluent from the facility is measured with a combination of a 15.2 cm(6 in.) Parshall flume and a 137 cm (54 in.) sharp-crested rectangularweir. The two flow measuring devices are set to give a ~ombined capac¬ity of 22.7 MLD (6 MGD). The effluent flow transmitter can be used tocontrol a flow proportional sampler of the effluent.No discussion of problems with flow measurement equipment is given inthe report. Flow data presented in the report appear to be completeand accurate. ~~~~~ the~ ~~~~~~~~~ and ~~~~~~~ ~~~~~~~ and the~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ~~~~~~~~~~~~~~ ~~~ ~~~ ~~~~~~~~~~~~ ~~~~ to p~oduce~ a~~~~~~~~~~ ~~~~~~~ ~~~~~ ~~~~~~~ ~~~~~~~ ~~~ ~~~~~~~~ ~~~~ p~~~~od~ ~~~~~~~~~~~~~~~~~~ a~ ~~~~~~~ va~iation ~~n ~~~~~~ ~~~~~~~ ~~~~ p~~~~~~~~~~g ~~~~~~~~~~~ to ~~~ ~~~~~~~~ pond~"392 



A PORTABLE DEVICE FOR MEASURING WASTEWATER FLOW IN SEWERSReference (88) is a final report of a program to develop a portabledevice capable of measuring ~~~~~~~~~~ flow in sewers. The work con¬~isted of: an investigation of the theoretical approach to be used;laboratory investigations and experiments to develop design criteria;design and fabrication of two prototype units~~and field testing andevaluation of these units.Methods investigated for determination of velocity in the sewer, priorto selection of the heat pulse method for development, are as follows:a. Capacitance - Air Bubble MethodThis method depends upon the electrical capa~itance ofthe wastewater flow cross-section and the effect on thiscapacitance of the displacement of air bubble tracers asthey rise and are swept downstream past a capacitorplate. This approach failed due to "background noise"and, at low velocities, due to too rapid rise of bubblesin the flowing water.~~ Inductive Method~~~~~~~~~ a~ ~~~~~~ ~~~~~~ ~~~~~~~~~ to the~ ~~~~~ ~o c~eate~ ~naudio ~~~~~~~~~~~ magnetic~ ~~~~~~~~ The~ magnetic~ ~~~~~~~ ~C~~~~~~~~ ~~~~~~~~ an eddy ~~~ent ~~ any ~~~~~ ~~~~~~~~~~~~~~~~~ ~~ t~e~ ~~~~~~ ~~~ the~ pipe~~ T~~~ eddy ~~~~~e~~ ~~~ be~~~~~~~~~~~ by ~~~~~~~~~~ ~~~~~~~~ ~~~~~ ~ocated ~~~~ the~ p~pe~~~~~~~~~~ 1~ the~ ~~~~~~ ~~~ ~~~~~~~~~ the~ ~~~~ ~~~~~~~~~~~ ~~~~be~ out ~~ ~~~~~~~ ~ith the~ ~~~~~~~~~ ~~~~ ~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~ ~~ the~ ~~~~~~ a~d ~~~~~~~~ ~~~~~~~ the~ a~ount~~ t~~~ ~~~~~~~ ~~~~~~ ~~~~~ ~~~~~~~~~~~~ ~ith ~~~~~~~~~~~~~~~~~~~~~~Failure of this method was attributed largely to the ex~~treme ~~~~~~~~~ of the signa~ to be dete~ted.~~ Electromagnetic ~~~~~~~~~This in~luded the rather commonly used electromagnetic~~~~~~~~~ approach for measurement in a full pipe. How¬ever, it was decided that ~~~~~~~~~ of the equipmentpre~luded its use for a portable, easily installedinstrument.~~ Electric Current MethodA voltage was applied across a dynamic test section, be~~tween two electrodes in direct contact with the water. A393 



change in ~~~ voltage wa~ observed as velocity changed.An increase in current was observed as velocity de¬creased, with the filled cross-section remaining the~ame. Problems en~ountered were random changes due tod-c signal "drift", a~d plating by the direct current onthe exposed electrodes.The method finally selected for more detailed investigation involvedthe timing of a heat pulse as it traveled down the pipe. Thermocoupleswere used to sense the travel o~ heat induced ~~ the injectio~ of ~teaminto the flowing water. Measurement of the cross-sectional area offlow was done by the use of capacitor plates to sense the change in wa¬ter level in the sewer pipe~"T~o p~ototype~ g~g~~ ~~~~ ~~~~~~~~~~~~~ ~~~ O~~~~~~~ ~~~~~~~~~~~~~ ~~ ~he~ ~~~~~~~~ ~~~~~~~~~~~ ~~~~~ a~ ~~~~~~ ±75 p~~~~~~~~.~JOINT CONSTRUCTION SEDIMENT CONTROL PROJECTReference (89) describes a demonstration project which consists of:(a) the I~plementation, demonstration, and evaluation of erosio~ con¬trol practices; ~~~ the construction, operation, and de~onstration ofthe use of a ~~~~~~~~~~ retention pond for the control of ~~~~~~~~~~~pollution; and ~~~ the construction, operation, and maintenance ofmethods for handl~ng, drying, conditioning, and disposing of ~ediment.As part of the proje~t, a gaging and sampling program was conducted todetermine the effects of urbanization on storm ~~~~~~ and water qualityof natural areas.~our automatic flow gaging and water sampling stations were installedon small streams of the study area. Two of the stations were installedadjacent to each other on streams just upstream from their junction.One of these streams drains an experimental watershed and the otherdrains an adjacent reference watershed~ Two other gaging and sampl~ngstations were established immediately upstream and immediately down~~stream from a 1.6 Hectare (4 acre) pond.At three of the gaging sites, ~~~~~~~~~~~~~~ broad-crested, ~~~~~~~~weirs developed and tested by the U.S. Department of Agriculture wereinstalled~~ At two sites, the concrete weir ~aps have 2:1 side slopes;at the third site, side slopes of the weir cap are at 3:1. At thegaging site downstream from the four-acre pond, a sharp-crested, com¬pound, 90°, ~~~~~~~ and rectangular weir wa~ installed,A ~~~~~~~ Duplex Water-Level Recorder Type 2A35 wa~ used to simultane¬ously record water levels at the two adjacent stream sites. A StevensType A35 water level recorder was used upstream from the pond, and a~~~~~~~ liquid level recorder was used at the downstream site.394 



A ~~~~~~ pygmy current meter was available to perform additional streamgaging, but was used primarily to check the calibration of the perma¬nently installed weirs.The weirs and level record~ng devices used are said to "have proven tobe accurate, reliable, and easy to maintain". However, it was foundnecessary to ~lean out sediment above the three ~~~~~~~~ weirs ~~~~~~~~~~~~~~~ ~~~~~~~ and ~~m~~~~~~~ ~~~~~~ ~~~~~ ~~~~ ~~~~~~~~~~~~ to ~~~~~~~~~ ~he~~~~~~~~~~~~~~ ~~~ ~~~~~~~~~~~~ ~~ ~~~ ~~~~~~. No ~~~~~~~~ was required atthe compound weir downstream from the pond. Because of the reportedaccumulation of sediment found after each storm~ ac~uracy of ~~~~~~~records at the three sites during periods of storm runoff may be ques¬tioned. An unknown pattern of alternate sediment ac~umulation andflushing dur~ng the storm runoff period could occur~ Calibration mayhave been incorrect during the falling limb of the ~~~~~~~~~~~ whensed~ment was accumulating.COMBINED SEWER OVERFLOW ABATEMENT PLAN, ~~~ ~~~~~~~ IOWAReference (90) is a report on a proje~t designed to provide engi~eeringinformatio~ regarding the volume, character, and impact of combinedsewer overflows and urban ~~~~~~~~~~ discharges from a typical mid-western metropolitan area. The project includes an engineering evalu¬ation of solutions to the problem, in~luding combined sewer separationand investigation of facilities for the treatment of both combinedsewer overflows and stormwater discharges.Several different types of equipment and methods were used to measureflows and to provide ~econdary stage measurements. We~rs of the 90°~~~~~~~ type and rectangular weirs, both suppressed and contra~ted,were used. At sites with larger volumes of flow, a stage-dischargerelationship was determ~ned using current meters. Natural controls ofa permanent nature were found at these sites. The Manni~g formula,with water-surface slope and an ~~~ value of 0.018, was used to deter¬mine discharge in one conduit~ The main outfall of the ~~~~~~~~~~~treatment plant was measured with a raw sewage flow totalizer of an un¬dis~losed type~ Stick gages painted with water soluble paint were usedto detect overflow oc~urrences. Both ~~~~~~~ Type ~ Recorder, Model 68,and project designed and fabricated compressed~air bubbler recorderswere used to record water levels.Dry~weather sanitary sewer flows were measured ~~ eight sewers and ~~~the main outfall of the wastewater treatme~t plant. Weirs were used±~ all sewers and float recorders were used in seven of them. A bub¬bler recorder was used in the eighth. No problems ~n measuring dry-weather flows with this equipment were reported, although no check ona~curacy is ava~lable.395 



Because o~ the extended period of high river stage, flow measurementsduring wet weather were generally not obtained in the sewers or over¬flow po~nts. Duri~g this period, most of the flow measuring sites wereeither submerged or at.least intermittently affected by high water.Overflow~ at one point were estimated by use of the Mann~ng formula,and at another point by use of a current meter.~~~~~~~~~~ ~~~~~~ was measured at four gaging sites on storm sewers.At three sites, flow was measured by means of weirs and bubbler re¬corders. During periods of high river stage, one of these sites wassubmerged or affected by backwater, when no record was obtained. Run-off at the fourth site was determ~ned from a stage-discharge relation¬ship establi~hed by current meter measurements. A ~oncrete sewer l~necrossing the channel provided a permanent type control. The ratingcurve was extended an undisclosed amount above the highest current me¬ter measurement.COMPUTER MANAGEMENT OF A COMBINED SEWER SYSTEMRefere~ce (91) describes a computer-~ontrolled "total systems manage¬ment" complex, which affects mu~h of the combined sewer system ofSeattle~ ~ashington. Computer-augmented treatment and disposal ~~~~~~~~take~ advantage of storage in the sewers to lim~t overflows, and se¬lects overflow points based on water quality data.Development of the control system included the installation of 36 re¬mote sensor stations and the construction of 15 gate-dr~ven regulator~tations. Work continues on a fully automatic optimiz~ng model toprogram decisions so the system can maintain an 80~ overflow reduction.~~~~~~~ ~~~~~~~ at ma~y ~~~a~~~~~ ~~~~ p~~oba~bty the~ ~~~~ ~~po~tant ~~~~~~~~~~~~~~~~~ ~~ ~n~o~mation ~~~~~~~~~ to ~~~~~~~a~e~ ~~~~~ and ~~~~~~~~ ce~ta~n~~~~~ ~~ a~a~~~~~ ~y ~~~~~~~~~~~~~~~ ~anning~~ ~~~~~~~~~~ ~~~~~~~ ~~~~~~~~~~~~and ~~~~~ ~~~~~~~~~ a~~d pump ~~~~~~~~~~~ ~~~~~~~~ ~~ ~~ ~~~~~~~~ to ~~~~~~~~~~~~ ~~~~ at ~~~~~~~ any ~o cation ~n th~~ ~~~~e~~ T~e~ comput~~ ~~~~~~~~~~~~~~~~~ e~e~~a~~~~~ ~ith ~~~~~~~~~~~~~~ to ~~~~~~~~ w~~~~ to ~~n~~at~~ p~~-~~~~~~ ~~~~~~ o~~~~~~~~~ tak~~ ~~~~~~ and/o~~ actua~ ~~~~~~~~ ~~~~~~~ the~ ~~~~~~~~~ ~~~~ ~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~ and mode~ing ~~ the~ ~~~~~e~ ~~~~~~~~dep~nd~ upon ~~~ ~n~o~mation ~~~~~ many ~o~~~~~~~6~ ~~~~~ ~~ wh~ch cannotbe~ ~~~~~~~~~ ~~ ~~a~e~~ ~~~~~~~ ~e~~~~~~~~~~~~~ a~one~~ In the~ ~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~~~~ on-~~ne~ ~~~~ ~~~~~~~~~~ ~~~~~~~~~~ ~~~~ ~~~~~~~~~1~ ~~~~~ ~~~~~~~~~~ ~~~~~~ ~~~~ ~~~~~~~~~d at ~~~~~~~ ~o~a~~~~~~2. A ~~~~~~~~~~~ ~~~~~~~~~~~~ type~ ~~~~~~~~~~ ~~ ~~~~~~~~~~~ at th~~~~~~ ~~~~~ t~eatme~t ~~~~ ~~~~~~3. ~~~~~~~ ma~n ~~~~~~~~~~ ~~~~~~~~~~~~ method~ a~~e~ ~~~~ at pump~~~~~~~~~~~ ~~~~~~~~~ ~~e~~e~ ~LA ~~~~~~~~~~~ ~~~~~~~~~ ~~~~ ~~~~ to~~~~~~~~~~ the~ ~~~~~~~ ma~n at ~~~~~O~~~ ~~~~ ~~~~~~~~~396 



In addition, more than 100 Palmer~~~~~~~ flumes are installed in man¬hole location~. A computer program has been applied for rating the~emeasuring flumes, using data including sewer diameter, shelf height,flume side slopes, and elevation of vertical side slopes.Level sensors used in the system are generally pneumati~ bubblers withba~k pressure read by a differential pressure transmitter. The ac~u¬ra~y of measurements was checked by direct level measurements to bringinstrument calibration of the various stations into agreement with thesystem datum. It was determined that the overall ac~ura~y probably ap¬proaches about 2% of the full scale measurement.Project experience demonstrated t~at manufa~turer~s pump unit perform¬an~e curves may be used to calculate reliable flows provided that crit¬ical analog sensors, particularly pump speed sensors, are reliable.Because flows calculated using performance curves had been considereddubious, force main pressure sensors were installed at many pump sta¬tions to provide alternative means of calculating station discharge.As a result of checking the pressure gages using the salt velo~itymethod, it was found that flows thus calculated are not entirely reli¬able due to rapid fluctuation of analog pressure values.Deficiencies in the flow calculation procedures for regulator stationswere revealed. No allowance had been made for the effect of inter~ep¬tor ba~kwater affecting the ~~~~~~~~~ at a regulator gate and no tran¬sition had been provided between fully-submerged and free discharge~onditions. A backwater allowance was added, and a method of calculat¬ing the degree of gate submergence was developed.CHARACTERIZAT~ON AND TREA~MENT OF URBAN LAND RUNOFFReference (92) describes a project to characterize the ~~~~~~ from a4.3 ~~ km (1.67 ~~ mi) urban watershed in Durham, North Carol~na withrespect to annual polluta~t yield. The U.S. Geological Survey operatesa continuous stage recorder and two digital punch tape pre~ipitationrecorders within the basin. Stream~flow control is provided by ashallow ~~~~~~~ weir located on Third Fork Creek som~ 21m (70 ft) down¬stream from a bridge ~ulvert and 11.3 km (7 mi) upstream from the mouthof Third Fork Creek. Water quality samples were taken from t~e centerof the stream approximately 1.5m (5 ft) below the weir. Thus, rainfall~~runoff, and water quality data were gathered for the basin and analyzed.The ~~~~~ Storm Water Management Model ~~~~~~ was al~o evaluated withrespect to actual conditions as measured in the field and "was judgedto predict peak ~~~~~~~~~~ flows and total ~~~~~~~~~~ volumes with rea¬sonable accuracy; however it was not judged effective for predictingpollutant concentrations".In order to assess the impact of vary~ng types of land use within thebasin on urban runoff quality, 5 storms were manually sampled at sub-basin discharge locations. A control se~tion, usually a pipe or box397 



culvert, was utilized with Mann~ng~s equation to arrive at ~tage-discharge relationships for each basin sampled. The stage was manuallyread when a sample was taken. ~~ accuracy estimates are available,OTHER ~~~~~ PROJECTSAmong USEPA projects for which ~inal reports are not available is aproject ~~~~ S-802400) to demonstrate disinfection and flash treatmentof combined sewer overflows at Syracuse, New York. Disinfection is ap¬plied for one minute after solids removal by high rate screening. Flowof combined sewage is measured from three pumping ~tations to installa¬tions of fine mesh and micro screens. Also, flow in solids returnli~es from the screens is measured and used to control backwash of thescreens. Flow from the three pumping stations is measured by Brookselectromagnetic ~~~~~~~~~~~ Sol~ds return from the screens is measuredwith a weir and a Badger Meter, Inc. float level indicator. Problemswere experienced in printed cir~uits of the signal converters used withthe Brooks electromagnetic flowmeters. Initially, other problemsnecessitated that adjustments be made by Brooks~ representatives,A USEPA grant project (EPA ~~~~~~~~~ with the ~~~~~~ County Pure WatersAuthority Is to develop a master plan for treatment, conveyan~e, orholding alternatives to effectively handle the combined sewer overflowsfrom the Rochester, New York, sewer system. Flow quantity and qualitydata collected for the project are to be used in calibrating the USEPA~~~~~~~~~~ Management Model. The master plan is to be so developed toprov~de guidelines for use in preparing such plans for other ~ities.Measurements of thirteen combined sewer overflows, and at four loca¬tions in interceptor sewers, are being made. At five of these loca¬tions, Badger Meter, Inc. ultrasonic flowmeters are used in ~onjunctionwith Badger ultrason~c water surface level indicators. At eleven loca¬tions, Badger ultra~onic level indi~ators o~ly are used to record headover weirs or to provide data for use with the Mann~tr~g formula. A~~~~~~~~~~~~~~ bubbler gage above a ~ombination we~r-orifice is usedfor flow measure~ent at one site. All data are transmitted to a cen¬tral computer. Redesign of the ultrasonic head probes was found neces¬sary due to echoing in the sewers, but they are now reported to beoperating satisfactorily. Problems of interfacing with the computerwere experien~ed, but very good operation has been obtained after sixto eight months~ experien~e.A project (EPA No. 11024 FI~) was for the design, fabrication, andtesting of a prototype 30.5 cm (12 in.) vibratory sewer ~~~~~~~~~~ The~~~~~~~~~ to be developed was to operate on the princ~ple that the re¬action of flowing material to a mechanical vibration applied to thestream boundary in a direction transverse to the direction of flow is adirect measure of mass flow rate. The essential elements are an a~tu¬ator to impart a vibratory force or motion to the flowing material anda sensor to measure the reaction. This type of devi~e has been used398 



successfully for measur~ng very small flows, but the mechanical prob¬lem~ w~th equipment for u~e in a sewer were not successfully solvedwith the time and funds available.A project (Contract No. ~~~ 68-03-0341) with ~ushi~g Engineering is forthe "Development of an Electromagnetic Flowmeter for Combi~ed S~wers"~~which may result in a device capable of measur~ng flo~ under open-channel conditions as well as in a full, pressurized pipe is in prog¬ress. The open channel electromagnetic ~~~~~~~~~ will have a primaryuni~ or transducer (i.e., the portion through which ~he fluid flows)that is not considered to be appreciably more complicated than the ~on¬ventional instrument; however, it does require more sophisticat~on inits secondary unit (~.e., in its signal conditioning unit). The pri¬mary unit is very similar to standard electromagnetic ~~~~~~~~~~ ex¬cept that in this ease a manifold of detection electrodes (as opposedto a ~~ngle pair) are employed so that measurement can be made through¬out the varying depth of the liquid. The outputs of the detectionelectrodes are fed into an adder network whic~ totals the voltagesensed in accordance with height of flow.The EPA has contracted (Co~tract No. 68-03-2121) with ~~~~~~~ EcosystemsCorporation for the development of a new, non-intrusive~ low cost, pas¬sive measurement system capable of monitoring flow in storm, combined,and sanitary sewers. The system*~ concept involves a proprietary tech¬n~que of u~ilizing the sound emis~ion result~ng from the interaction offluid flow with a discontinuity of a solid surface. In the applicationto sewer flow, a discontinuity i~ any inherent change in the sewercross-section, ~lope, or d~rection tha~ can significan~ly affect theflow area or direction. Laboratory investigations directed to opt~~izesystem design details for sewer Installations, and analyses which willrelate theory and test data to measure~ent system design objectives andapplications are currently underway. By proper signal processing, theacoustic emission flowmeter can be made to differentiate between sound~hat is indicative of and generated by the quanti~y of flow and noisecaused by ~~~~~~~~~~~~~~~ se~ondary flow processes and general back¬ground noise. Several factors nay affect sound produ~tion and transmis¬s~on ~n wastes such as a suspens~on of bubbles~ te~perature gradientsand stratification, etc. These areas must be investigated and eitheravoided or compensated for by selectio~ of sound p~ckup locations.PROJECTS B~ OTHER FEDERAL AGENCIESFederal agenc~es which have been active In development of improved flow~~~~~~~~~~~ equipment and methods, with a brief de~cription of theirwork, are given below. Other Federal agenc~es have carr~ed on s~milaruseful projects in past years, but have been omi~ted where informat~onon possible recent work was not available. The informat~on presentedhere wa~ obta~ned either by telephone or personal interv~ew.399 



Agricultural Research ServiceWork on Improved de~igns of trapezoidal-type measuring flumes to over¬come sediment problems is being condu~ted in Phoenix, Arizona.Bureau o~ Reclam~tion~~~~~~~~~~~~ Flow Measurement - Equipment and methods for measur~~gflows in canals, pipelines, and turbines~with ~~~~~~~~~~~~ tracers havebeen developed by the Bureau during the past ten years. Public resist¬a~ce to injection of ~~~~~~~~~~~~~ into water ~upplies has minimizedtheir use.Ultrasonic Flowmeter - Ultrasonic flowmeter equ~pment furnished by theBadger Meter Company was tested in a 61 cm (24 in.) diameter pipelineand in a 76 cm (30 in.) wide channel. A measurement accuracy of ±2~~was obtained in the pipeli~e. A significant conclusion was that theflowmeter transducers should be installed in direct contact with thewater rather than on the outside of the pipe~~~~~~~~~~~~~~~ Flowmeter - Combined ~~~~~~~~~~~~~~ flowmeter and flowcontrollers of 25.4~ 30.5, and 35.6 cm (10, 12, and 14 in.) sizes werestudied in the laboratory. These devi~es totalize flow, indicate flowrate, control flow to preset rates, and provide ~~~~~~~~ Further fieldoperation and experience is necessary to fully evaluate the devices.The Bureau of Reclamation conducts a continu~ng research program inthe fields of water system automation and flow control. Studies in theuse of electromagnetic and ultrasonic methods of flow control are inprogress,Corps of E~~ine~r~Recently, ~~~~~~~~~~~~ ultrasoni~ flow measurement equipment has beeninstalled on the Columbia River to provide improved information on~~~~~~~~~~ operation. This work was performed by the personnel of thePortland District in cooperation with the U.S. Geological Survey.Satellite transmission of data is being investigated In the New EnglandDivision~~ ~~~~~~~~ data transmission systems are being discontinuedand are being replaced by radio transmission. It is expected that datatransmission in the future will be tied to the National Oceani~ andAtmospheric Administration System of Automation of Field Operation andServices,Geolo~ical SurveyThe ~ater Resources Div~sion of the Geological Survey maintains a con¬tinuing program to improve water measurement devices and procedures.400 



Recently, a flow measurement device for measurement of storm ~~~~~~ insewers has been developed, and a number of them are being in~talled inseveral sewered catchment basins. The device functions within thesewer under both open-channel and pressure flow conditions, and is saidto cause only an insignificant amount of head loss. Under open-channelconditions, the meter functions as a ~~~~~~~ flume. For pressureflows, the device operates like a modified venturi meter. This ~~~~~~~~~~~ is very similar to that developed by Dr. Harry ~~ ~~~~~~ of theUniversity of Illinois. A significant difference is that the upper po¬~ition of the pipe is ~~~~~~~~~~~~~~ reduc~ng discontinuity between theopen-channel flow rating and the pressure flow rating.PROJECTS O~TSIDE THE UNITED STATESThe reader is cautioned not to assume that all the flow measurementresearch today is being conducted in the United States. Most industri¬alized countries are active in t~is area, and new or improved flowmeasuring devices and techniques are being reported by foreign investi¬gators. Coverage of all foreign research simply was outside the scopeof the present effort, but would be a fit subject for a future study.However, mention will be made of one Canadian development recently re¬ported by ~~~~~~~~ (93) because of its promise for application at sitestroubled by surcharging. It is essentially a flume-dilution ~ombina¬tion for sewer flow measurement. The equipment involved is all porta¬ble and suitable for manhole operation. At the primary ~~~~~~~~~~~characteri~ation site a ~~~~~~~~~~~~~ type flume, a water level re¬corder (a capacitance-type probe was used in this case)~ and an auto¬matic discrete sampler were installed. At a manhole sufficientlyupstream to assure that complete m~xing would occur a tracer supply andmetering feed pump were installed.Under ordinary (open ~hannel) flow conditions only the equipment at theprimary site is in operation. When the water level, as measured by thecapacitance probe, reached a ~~~~determined value indicating that sub¬mersion effects would be seriously degrading discharge values as meas¬ured by the flume, an alarm relay activates the tracer feeding pump atthe upstream site. The chemi~al dilution technique is applied for the"high flow" periods by analyzing the samples collected by the automaticsampler to determ~ne tracer concentrations.401 



SECTION IXFUTU~E AREAS OF RESEARCH AND DEVELOPMENTAlthough the general state o~ the art of flo~ mea~urement has come along way ~ince the days of ~~~~~~ Julius ~~~~~~~~~ (e.g.~ we can accu¬rately measure cryogenic flows, liquid sodium flows, mixed gas andvapor flows, et~.), the most com~on flow measurement devices and tech¬niques used in sanitary engineering are but modest i~provements uponnineteenth century (or earlier) developments. This is not surprisingin view of the National priorities that have been given to space andnuclear energy programs, and the concomitant application of resourcesto the development of technologies directed toward the solution ofproblems in these areas. As was pointed out earlier in this report, weare now becoming more and more aware of the importance of accuratesewer flow measurement and, in recent times, have begun to devote in¬creasing attention to it. Storm and combined sewer flows, as noted,are among the most difficult to measure well, and much remains to bedone before we can claim that the state o~ the art, as being practiced~~is equal to the task.As a result of the activities conducted during the course of thisstudy, including the review of older research and development projectsas well as current and on-going ones, it appears that there are severalpromising research areas that could produce i~provements within ashort-term time frame. They have been divided into three categories~general research, which is more basic or fundamental and applicable toa nu~ber of different classes of ~~~~~~~~~~~ applications research,which deals with the engineering required to adopt already-developedbuilding blocks into flow measurement systems suitable for the stormand combined sewer application; and demonstration research, whi~h isthe actual field use and evaluation of existing equipment that eitherha~ not been t~ied before or about which there is pre~ently insu~fi¬cient information.Several promising activities within ea~h area will be discussed. Noattempt to be exhaustive or all-inclusive has been made. Rather, theactivities suggested have been selected because of a critical need, thepromise of a high probability of positive results, and/or the immediacywith which result~ could be obtained. The ~election~ are necessarilysomewhat subjective, and doubtless some readers will be concerned thatone of their "pet" areas has not been included. The writers can onlyhope that any such criticism will be tempered by the realization that aco~plete coverage of all possible contributory research could more thandouble the size of this already somewhat lengthy report.Two general r~commendation~ will be~ treated out~ide the just mentionedcategories be~ause they tend to overlap and are a bit more policy~~priority than specific task oriented. First, there is a need for a402 



facility where controlled flows of ~~~~~~~~~~ can be maintained ~o thatvarious alternative devices and techniques can be tested in a side-by-side fashion. It is imperative that this facility be capable of opera¬t~on with actual sewage as well as water in view of possibleinterferen~e effects to some flow measurement equipment that might becaused by the former. A facility was developed as a part of a ~~~~~~funded study and evaluation of a periodic flush~ng system for combi~edsewer ~lea~sing by ~~~ Corporation. It has variable slope test sewersof 30.5 and 45.7 cm (12 and 18 in.) diameters and can utilize actualsewage. It is recommended that this facility be evaluated for the pur¬pose of side-by-side flow measurement device testing and so utilized ifindicated.The second general recommendation arises from the very nature of thestorm and ~ombined sewer application itself. It is strongly recom¬mended that priority be given to the development of portable flow meas¬urement devices that could be used for overall survey work, forgathering field data for use in the development of computer ~~~~~~~~~~~management models, for conducting infiltration/inflow studies, and thelike. The importance of a portable ~~~~~~~~~ for each of the citeduses is well known and will not be belabored here. The problem is thatthe need is still largely ~~~~~~~ Of the following research recommen¬dations, it is reco~mended that those a~tivities that will be contrib¬utory to the development of portable devices be u~dertaken first.GENERAL RESEARCHMuch remains to be learned about ~the physi~s of complex flows such asstormwater or combined sewage. They are multi-phase mixtures contain¬ing solids, liquids, and gases and are unstable, with constituents go¬ing into and out of solution as the flow progresses. When ~ombinedwith the problems introdu~ed by ~~~~~~~~~~~ unsteady turbulent flow,the research possib~lities are mind-boggling. Only three, whi~h thewriters feel are both of immediate con~ern and reasonable ~~~~~~~~~~~~~~will be discussed.Effects of Entrained Air and SolidsEntrained air and solids in the flow can have an effect on several dif¬ferent types of flow-measuring equipment. One of the most recent andpromising methods of flow measurement utilizes ultrasonic equipment~~which is known to be adversely affected by these elements. Experienceto date has show~ that the presence of heavily concentrated air bubblesin the flow interferes with operation of ultrasonic ~~~~~~~~~~~~ equip¬ment. This i~ true even when the bubbles are so small that they arehardly~ visible. The only solution thus far proposed is to install the~~~~~~~~~ where such bubbles do not form; that is, to avoid locations403 



below drops, chutes~ and hydraulic mach~nery which cause air ~~~~~~~~~~~~~~ in the flow. A method for overcoming this restriction of meterapplicability is needed~ and should be investigated further.A similar i~terferen~e by solids suspended in the flow has been noted.Although ~ethods for over~oming the effects of larger, more widelyspaced suspended solids have been developed, fine silts remain a prob¬lem. Further study to better understand and overcome such effe~ts onultrasonic velocity measuring devices is recommended.Polymer EffectsThe introduction of selected polymers to pipe flows has been demon¬strated to significantly increase the pipe carrying capacity. Flowincreases of as much as 240~~ at a constant head have been achieved.Field tests reported by The Western Company (94) on a 61 cm (24 in.)line demonstrated that surcharges of greater than 1.8m (6 ft) could beeli~inated by polymer additives. Similarly, the capacity of open chan¬nels has been increased through use of friction-reducing additives,although to a lesser extent, as noted by Derick and ~~~~~ (86).The addition of polymers to the flow can have a significant effect onthe calibration of certain type~ of flow measuring equipment~ as alsoreported by Derick and Logie (86)~ Although they only tested flumesand weirs, effects ~ould be even more pronounced in those devices thatpresuppose velocity distributions in the flow. ~ltrasonic ~~~~~~~~~~~are a particular ease in point~ For example, little is known about theeffect of changing the viscosity of the water on the chara~ter of theultrasonic pulse through the water, or about the reduction of turbu¬lence causing a change in velocity distribution in the ~ross-section.Be~ause of the potential for increased use of polymers for flow control,study of their effects, especially on ultrasonic flow measurementequipment, is recommended.Velocity ~istributionAlthough a significant effort has been made to defin~ the relationsh~pbetween average velocity along a horizontal ~hord or traverse, eleva¬tion of the chord or traverse, and the average velocity in the ~ross-section, much more work would be helpful in reducing the cost of flowmeasurements. Theoretical computations and laboratory and field obser¬vations have been made in the past, but a consolidation of known infor¬mation, re~nforced with selected additional data, would be quite useful,~ince many of the flow measuring devices infer average velocity frompoint or ~~~~~~~ measurements. This is particularly true with respectto ultrasonic flow measurements, where the average velo~ity along achord or traverse between two meter probes is measured. Further knowl¬edge of these relationships would also be useful with other flow meas¬urement devices where flow is computed from the product of averagevelocity in the cross-section and the cross-sectional area.404 



APPLICATIONS RESEARCHThe state o~ the art and technologies are now at hand to allow the de¬velopment, based o~ already established building blocks~ o~ improvedflow measuring devices for application to the storm and combined sewerproblem. A few examples will be discussed.Automated Dye-Dilution DevicesAs discussed in Section VI, dilution techniques are very promis~ng forapplication to the measurement of storm or combined sewer flows~ espe¬~ially in view of the new fluorescent dyes now available. Suitableequipment for either ~~~~~~~~~~~~~~~ or slug injection of dye solutionsis available. Automatic sampling equipment to allow reliable gatheringof representative samples and ~~~~~~~~~~~~ for automati~ally measuringdye ~oncentrations are also available. There has even been work doneon laser stimulation of fluorescence which could allow remote observa¬tion of dye ~oncentrations without direct ~ontact with the flow. Pres¬ent integrated circuit technology would allow automatic conversion ofdye concentrations to flow rates~ in digital form, for indicating andrecording and transmitting to central locations. It is even possibleto develop a portable, battery-powered version that could be used forfield calibration of existing flow ~easurement devices. It is recom~~mended that a project to ~ntegrate these building blo~ks into an auto¬matic flow measurement device be established, with emphasis onportability.Portable Ultrasonic DevicesSufficient field experience is now available to demonstrate the utilityof ultrasonic equipment for the measurement of sewage flow, including~~~~~~~~~~ and combined sewage. Development of portable equipment couldexpand the usefulness~of this kind of flow measurement device to meas¬urements of the miscellaneous type~ such as ~n infiltration studies, tocheck the effluent from industrial plants, ~nd for many other purposes.Basically, ultrasonic~flow measurement equipment is adaptable to ~om¬pact packaging, as no large, heavy parts are required, even for measure¬ments of large flows. Three separate pa~kages might be developed - alevel gage, several sets of meter probes, and associated electronicinstrumentation. Provision should be made for installing the probeseither inside or outside of closed ~onduits. Again, the fundamentalbuilding blocks are at hand, and it is recomme~ded that such a projectbe initiated as soon as possible.New FlumesAs noted in Section VI, there has been extensive research work performedon a variety of new flume configurations, with resulting designs thatoffer wider ranges, greater self-scouring characteristics, better405 



~ubmerged performance capabilities, etc., as compared to the more tra¬ditional designs, e~pecially the ~~~~~~~~ ~lume. It is recommended~~that a project be established to consolidate the existing Informationon these efforts and, based upon this, to develop a flume po~sessingthe most advantageous attributes in light of present day technologiesand the storm and combined sewer application. For example, it mighthappen that a trapezoidal cutthroat ~flume with an automatic, electronicdual head comparison ~~~~~~~ and cr~tical/submerged/pressurized flowalgorithm shift integrated circuit card would offer great promise.Such a design is totally within the present state of the.art and couldbe effected at a reasonable cost.Ultrasonic Level GagesAs secondary elements in flow measureme~t devices, ultrasonic levelgages show considerable promise for the storm and combined sewer appli¬cation. They obviate the self-cleaning requirement~ of many ~econdaryelements, offering the advantage of no requirement for contact with theflow stream whatsoever. Their use has been ~raught with difficulty~~however~ especially ~n settings such as a manhole appli~ation. Theproblems, fro~ discussions with various field and applications engi¬neers, would appear to stem mostly from spurious or false signal returnsdue to echoing from the in~tallation structure. The problem has beenencountered in many applications, e.g., the Rochester proje~t, and hasbeen independently solved (or apparently so) almost as many times. Forexample, the ~~~~~ National Field Investigation Center, Cincinnati, hasexperienced such problems with different makes of equipment and has de¬veloped an inexpensive modification that apparently corrects the prob¬lem, It is recommended that a project to review the history of suchexperiences~ including problem and solution des~riptions~ be preparedand procedures developed for the use of ultrasonic level gages in su~happlications.DEMO~STRATION RESEARCHThere are several flow measuring devices, either presently available orvirtually ready to be introduced, that offer considerable promise inthe storm and combined sewer application. However, information abouttheir use in such a setting is lacking, but ~ould be gained from test¬ing in a suitable facility as discu~sed earlier or from other field usesuch as a~demonstration as an adjunct to an on-going project; thus,definite recommendations as to their suitability or fitness as storm or~ombined sewer flow measurement devices can be made. Some of thesewill be briefly discussed.~~~~~~~ Meter/FlumeThese flow measuring devices are designed to operate under both open-channel flow and full-~onduit flow under pressure. Under open-~hannel406 



condit~ons, the meters act as super~ritical flumes, but when completelyfilled and under pressure, they behave more like modified ~~~~~~~ me¬ters. For open-channel flow, only the depth at a ~ingle (usually up¬stream) measuring se~tion is required. When the pipe is flowing full,and i~ under pre~sure, the flow is a function of the difference in theupstream head and the head at, say, the meter throat or an exit head.Two such devices have been recently devel~ped - one by Dr~ Harry ~~~Wenzel, ~~~ at the University of Illinois~ and one by George ~~ ~~~~~~of the U.S. Geological Survey.The 20.3 cm (8 in.) diameter test meter designed by Dr. Wenzel has beensufficiently laboratory tested, but has not undergone field experienceto evaluate its ~elf-cleaning characteristics and its ~ydraulic perform¬ance. It i~ recommended that a prototype meter of larger size, at leaston a 61 cm (24 in.) diameter line~ be tested in an actual combined sewerin line with an accurately calibrated meter of another type.Several similar flumes designed by George F. Smoot for the U.S. Geolog¬ical Survey have been installed in storm or combined sewers. However,there has not yet been sufficient field experience to allow adequateevaluation of them. It is recommended that a flume of this design beinstalled (preferably) in l~ne with the meter designed by Dr. Wenzeland an accurately ~alibrated meter of another type for furtherevaluation.Combination Thermal ~~~~~~~~~Two thermal flow tube meters are manufactured by the Ther~al InstrumentCompany, one for measurement of flow in pipe~ that are flowing full andanother for flow ~easurement in partially filled pipe. Although dis¬cus~ed earl~er, the principle of operation of these meters is describedbriefly as follows:"A ~~~~~~~~~ e~e~ent ~~~~~~~~~ on t~~~ ~~~~~~~~ ~~ the~ ~~~~ ~ub~~ ~L~ e~ne~~g~~z~~~d~~~~~ a ~~~~~~ amount ~~ ~~~~~~~~~~ ene~gy ~~~ ~han one~ ~~a~~]~ The~ heat~~~~~~~~~~~~ ~~ ~~ ~~~~~~~~ by th~~ ~~~~ ~~~~~~~~ ~LA d~e~~~~ ~~~~~~~~~~~~~to the~ ~~~~ ~~~~ ~~~~~~ ~~ th~~ ~~~~~~~dd~~iona~ ~~~~~~~ e~~m~nt~~ ~~~~ ~~~~a~e~d on the~ tube~ to ~~~~~~~~~~~~ and~~~~~~~~ ~~~ the~ e~~e~~~~ ~~ ~~~~~~ and ~~~~~~~~ ~~~~~~~~~~~~~~~For measuring flow in partially filled conduits, a liquid level sensoris placed on the outside of the unobstructed pipe, in addition to thevelo~ity measuring sensors.Very little experience has been gained with this type of ~~~~~~~~~ inmeasurement of sewage. Meters are now in operation on 50.8 cm (20 in.)pipes carry~ng recycled pulp wastes. There Is said to be no upper limiton the si~e or range of these meters.~07 



Because of the obvious potent~al advantages of such ~~~~~~truct ing me¬ter~, it is recommended that they be evaluated in a line o~ moderatesize, but under condit~ons of both open-channel flow and full flow un¬der pressure. The test meter would be pla~ed in line with a flow meas¬uring devi~e of another type with proven accuracy.Self-Calibrating Acou~tic Level GageThe "Aquarius" acoustic level gage described in Section VII offer~~many apparent advantages over more traditional ultrasonic level gagesa~ a secondary element in a flow measurement system. These include:complete independence from all environmental effects; almost an orderof magnitude greater accuracy than presently available; a low produc¬tion cost; portability~ which ~ncludes the promise of outstanding bat¬tery life (up to one year); and immediate computer compatibility, owingto its advanced~~ all-digital electroni~ design. At this t~me, however,the device is so new that virtually no data (outside the laboratory)are available to substantiate these promises in a field setting. It isrecommended that one of these devices be procured and installed, at asite with a ~uitable primary device, alongside a proven head sensor inorder to demonstrate its real capab~lities in a f~eld setting.High Range Open Flow NozzleThe ~~~~~~~~ flumes (or open-channel flow nozzles), that were developedby the U.S. Department of Agriculture, hold considerable promise asprimary devices for successfully measuring storm and combined sewerflows at many sites, as dis~ussed in Section VI. In view of their lowcost and very wide measurement range, it is recommended that a projectbe initiated to: (a) gather available information on the various flumesof this type and other open flow nozzle designs; ~~~ analyze this de¬sign; and ~~~ fabri~ate and test such a pri~ary device,408 
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COST ASSESSMENT METHODOLOGYThe general methodology appears 
to work well. It needs to be extended tocover a wder 

range of situations. More senstvity analyss 

Is needed.The cost and performane data on storage and 
treatment units needto be refined. The methodology should 
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and treatent especially at 
higher levels of controlwhere 
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